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ABSTRACT
SYSTEMATICS AND ECOLOGY OF THE ANDEAN NEOTROPICAL SCHEFFLERA
(ARALIACEAE) WITH GLOBOSE CAPITATE INFLORESCENCES AND USE OF NICHE
MODELING FOR IUCN RED LIST THREAT ASSESSMENTS OF PLERANDRA
ELEGANTISSIMA (ARALIACEAE)
by
CARLOS RODRIGUES-VAZ

Advisor: Gregory M. Plunkett, Ph.D.
Since the end of the 19th century, Schefflera J.R. Forst. & G. Forst. has been recognized
as the largest and most wide-ranging genus of Araliaceae. It can be found throughout the humid
tropics and subtropics, is not particularly diverse at low elevations in the warmest regions, and a
few taxa extend into warm-temperate areas. As currently circumscribed, the genus contains 605
described species and many hundreds more awaiting formal description. However, a succession
of phylogenetic studies have confirmed that Schefflera, as currently circumscribed, is
polyphyletic, comprising five geographically centered lineages scattered across the phylogenetic
tree of Araliaceae, and informally referred to as “African-Malagasy Schefflera”, “Asian
Schefflera”, “Melanesian Schefflera”, and “Neotropical Schefflera”, as well as Schefflera sensu
stricto, which includes the generic type, Schefflera digitata J.R. Forst. & G. Forst. Phylogenetic
analyses and subsequent synoptic revisions have been produced for the Melanesian Schefflera
clade, which is now treated as a reinstated and expanded Plerandra A. Gray, and the AfricanMalagasy Schefflera clade, whose species have been divided into two reinstated genera,
Astropanax Seem. and Neocussonia (Harms) Hutch. Apart from the small Schefflera sensu
stricto clade, which includes only eight species, the two largest clades, from Asia and the
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Neotropics, still require much attention. The work presented here is an effort to improve our
knowledge of the Neotropical Schefflera clade, along with a study to see how ecological niche
modeling can be used to improve IUCN threat assessments focused on a single species,
Plerandra elegantissima, from the Melanesian Schefflera clade.
Neotropical Schefflera comprises 205 described species, and many more awaiting formal
description. As its informal name indicates, this clade is entirely restricted to the Neotropics,
with centers of diversity along the Andes, in the Guyana Shield, in Brazil, and in the Caribbean.
Chapter 1 presents the taxonomic history of Schefflera. As a contribution to the great need to
increase our understanding of Neotropical Schefflera, Chapters 2 and 3 focus on a morphological
grouping of Andean Schefflera species that share paniculate inflorescences with distinctive
globose-capitate terminal units. In Chapter 2, a phylogenetic study tests the monophyly of this
“globose capitate group” and provides a trait-evolution analysis of the terminal inflorescence
units found among Neotropical Schefflera species. The results show that the globose-capitate
group is not monophyletic and that the globose inflorescence units originated multiple times
within Neotropical Schefflera, suggesting that they are the result of convergent or parallel
evolution. Chapter 3 presents evidence that this inflorescence structure characterizes a total of 91
species, 71 of which were discovered during the course of this study. Three of these new species
are described in Chapter 3, along with illustrations, distribution maps, and Red List threat
assessments.
IUCN Red List assessments have been widely used as the standard for evaluating the risk
of extinction for species worldwide. However, the conventional method of doing so is not the
only one detailed in the IUCN guidelines. A method using ecological niche modeling (ENM) is
detailed in Chapter 4, along with requirements that must be met to adhere to IUNC guidelines.
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As a test of this approach, the ENM method is applied to the Red List threat assessment of
Plerandra elegantissima, a member of the Melanesian Schefflera clade, for which an assessment
using the conventional method is already available. The two methods were compared, exploring
the advantages and pitfalls of each approach. Both methods resulted in the same threat category
for P. elegantissima as Endangered (EN), but with different values underpinning this result.
However, the niche modeling method has the added benefit of providing ecological information
that can potentially be used to find additional subpopulations of the plant, and can be used to
help guide future fieldwork and inform conservation planning for this species. The potential of
this method for the entire flora of New Caledonia is also discussed.
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Chapter 1. Introduction
The angiosperm family Araliaceae (the ginseng family) belongs to the order Apiales and
includes 40 genera and approximately 1,900 described species (Plunkett et al., 2018). It is most
diverse in tropical and subtropical Asia, Oceania, South and Central America, and sub-Saharan
Africa-Madagascar (Plunkett et al., 2018) According to Nicolas & Plunkett (2014), Apiales
originated in Australasia in the early Cretaceous (ca. 117 Ma), with vicariance events, related to
the break up of Australasia and Zealandia, influencing the diversification of Araliaceae (ca. 95
Ma). Araliaceae contain some species of economic importance, including herbal adaptogens such
as Panax ginseng C.A. Mey. (Chinese ginseng), P. quinquefolius L. (American ginseng), and
Eleutherococcus senticosus (Rupr. ex Maxim.) Maxim. (Siberian ginseng), and many
ornamentals, such as Hedera helix L. (English Ivy), some species of Schefflera J.R. Forst. & G.
Forst. (umbrella trees), Fatsia japonica (Thunb.) Decne. & Planch. (Japanese Aralia), and
Tetrapanax papyrifer (Hook.) K. Koch (rice-paper plant). The genus Schefflera is typified by the
New Zealand species S. digitata J.R. Forst. & G. Forst., described from material collected during
James Cook's second voyage of exploration (Forster & Forster, 1775). In its broadest definition,
Schefflera sensu lato can be found throughout the humid tropics and subtropics, although it is
poorly represented or absent at low elevations in the warmest regions, and a few taxa occur in
warm-temperate areas. Since the end of the 19th century, based on strong, and easily recognizable
morphological characters (i.e., palmately coumpound leaves, unarticulated pedicels, and no
armaments), Schefflera has been recognized as the largest and most wide-ranging genus of
Araliaceae. As currently circumscribed, it contains 605 described species and many hundreds
more awaiting description (Frodin & Govaerts, 2003; Frodin et al., 2010, Plunkett et al., 2018).
However, evidence from phylogenetic studies (Plunkett et al., 2005) demonstrated that Schefflera
1

is polyphyletic, comprising at least five geographically centered lineages scattered across the
family. These results started a new chapter in understanding the evolutionary history and
classification of Schefflera sensu lato.
For nearly a century after Schefflera was first described (Forster and Forster, 1775), the
genus included only its type, S. digitata. During the same period many species recognized today
as belonging to Schefflera were described under other genera that were subsequently included in
an expanded Schefflera. Examples include Sciodaphyllum P. Browne, described in 1756,
Cussonia Thunb. ex Thunb., described in 1780, and Heptapleurum Gaert., described in 1791.
Before the early 1800s, few explorers and collectors encountered species of Schefflera because
so many were restricted to remote forests and woodland habitats, especially in montane areas. In
Europe at the start of the 1860s, many tropical species of plants from around the world came
under cultivation, thus becoming increasingly available for study, and at that time, the diversity
of Araliaceae was better understood (Frodin et al., 2010). In particular, Baillon (1878, 1879)
developed broader concepts for many araliad genera, including Schefflera, as more material
became available, and he justified these changes based on morphological similarities between
species from different parts of the world. In his final treatment of Araliaceae, Baillon (1879)
included Agalma Miq., Brassaia Endl., Heptapleurum, and Meiopanax under a greatly expanded
Schefflera on the basis of shared floral characters, namely pentamerous flowers with 5–10
carpels. He maintained Cussonia as a distinct genus due to its 1–2 carpellate gynoecium. He
considered adding Sciodaphyllum to Schefflera and Didymopanax Decne. & Planch. to Cussonia,
but ultimately maintained both as distinct because Sciodaphyllum has flowers with a range of
carpel numbers (up to 10-merous), and Didymopanax has a strictly 2-carpellate gynoecium.
Conversely, he incorporated Tupidanthus Hook. f. & Thomson within Plerandra A. Gray, which
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had been kept separate from the other genera due to its numerous stamens and (usually)
polymerous ovaries. Baillon’s work (1878, 1879) gave the first global assessment of Araliaceae
known at the time. The overlap in morphological characters defining all of these genera helps to
explain his difficulty in treating Sciodaphyllum and Didymopanax, but in the end, he relied most
heavily on floral characters (number and fusion of petals and styles, and number of stamens and
carpels) rather than vegetative or geographical characters in the majority of his taxonomic
decisions
A decade or so later, Harms (1894–1897, cited in Frodin et al., 2010; Plunkett et al.,
2005) largely adopted Baillon’s view, but he placed emphasized both reproductive and
vegetative characters. As a result, Harms further expanded Schefflera to include all araliads with
a woody habit, once palmately compound leaves with ligules, and inflorescences of compound
umbels or panicles. He did, however, maintained a few segregate genera based primarily on their
bi- or pluricarpellate ovaries. This approach resulted in incorporating Sciodaphyllum into
Schefflera, but maintaining Didymopanax, Cussonia and Plerandra (including Tupidanthus) as
separate genera. Additionally, he recognized a new genus, Dizygotheca N.E. Br., based on its 4thecate anthers, and made numerous new combinations for taxa that had until then been placed in
other genera.
The combined works of Baillon (1878, 1879) and Harms (1894–1897) changed the
definition of Schefflera from a taxonomy based largely on geography to one based on
morphology. In time, many of these morphological characters would be shown to be
homoplastic, resulting from parallelisms and convergences (Frodin, 1975; Plunkett et al., 2004),
while the geographical distributions have proved more informative (Plunkett et al., 2005).
Despite this, Harms’ classification of Araliaceae (1894–1897) remained the standard until Frodin
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(1970, 1975) began his studies, and so very few changes were made to the circumscription of
Schefflera for ca. 75 years. During this period, however, the name of this pantropical genus was
fixed as Schefflera, despite the fact that Sciodaphyllum had been published 19 years earlier (1756
vs. 1775) and thus had nomenclatural priority. Smith (1936, 1941), however, argued that the
overwhelming number of binomials were created known at the time had been created in
Schefflera (ca. 400 spp.) as opposed to the older genus Sciodaphyllum (only ca. 70), and that
conservation of the name Schefflera better served the goal of nomenclatural stability. His
proposal to conserve Schefflera against Sciodaphyllum was adopted during the VII International
Botanical Congress at Stockholm in 1950 (Baehni and Lanjouw, 1952).
Over the past century, Schefflera grew not only through adoption of a broader concept
but also by the discovery and description of many new species. The overall number of species
included in Schefflera by Harms (1894-97, cited in Frodin et al., 2010) was only 150, but
numerous expeditions and projects were undertaken during the first half of the 20th century
(Frodin et al., 2010). When material collected during these expeditions came under study, the
number of Schefflera species started to increase rapidly (Frodin et al., 2010), but it was only with
the work of Frodin that further progress was made to reassess the generic limits of the genus and
the number of taxa it encompassed. Frodin (1975) re-circumscribed Harms’ Schefflera to
incorporate several genera often still treated as distinct, including Agalma Miq., Brassaia Endl.,
Cephaloschefflera (Harms) Merr., Crepinella E. March, Didymopanax Decne. & Planchon,
Dizygotheca N.E. Br., Enochoria Baker f., Geopanax Hemsley, Neocussonia (Harms)
Hutchinson, Octotheca R. Vig., Plerandra A. Gray, Scheffleropsis Ridley, and Tupidanthus
Hook. F. & Thompson. With this, the generic circumscription of Schefflera sensu lato expanded
to include all araliads with palmately compound leaves, unarticulated pedicels, and no
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armaments (spines or prickles). As a consequence, Schefflera sensu lato became the largest and
most wide-ranging genus of Araliaceae, and at the time of Frodin's (1975) study, it included 200
species. Frodin completed encyclopedic work (much of it unpublished) to assess the proper
application of existing names by verifying which names had priority. This resulted in the
publication of many new combinations and the reduction of many names in other genera that are
now regarded as synonyms (e.g., Frodin & Govaerts, 2003). All of this led to improvements in
the taxonomic understanding of Schefflera sensu lato, but until the application of molecular
evidence, these changes were based almost entirely on inductive interpretations of morphology
and geography. Molecular data provided the first tests of the monophyly of Schefflera sensu lato,
and the paraphyly of the genus became increasingly apparent (Wen et al., 2001; Plunkett et al.,
2004, 2005). In particular, the study of Plunkett et al. (2005) provided strong evidence that
Schefflera sensu lato represents five mostly unrelated clades spread across disparate elements of
Araliaceae.
The study by Plunkett et al. (2005) represented the first effort towards elucidating
relationships among the major groups of Schefflera sensu lato on the basis of a representative
sampling throughout both the genus and the entire family Araliaceae. The authors employed
molecular data to test the monophyly of the genus and a set of informal subgeneric groupings
that Frodin had proposed (see Table 1 of Plunkett et al., 2005) on the basis of both morphology
and geography. Their results indicated that the representatives of Schefflera sampled were
divided among five unrelated clades that are scattered throughout the phylogenetic tree of
Araliaceae. Molecular data did, however, suggest a near perfect correlation between
phylogenetic relationships and geographical distributions, a result that the authors highlighted in
the authors’ choice for four of the five informal clade names: “African-Malagasy Schefflera”,
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“Asian Schefflera”, “Melanesian Schefflera”, and “Neotropical Schefflera”, plus a fifth,
Schefflera sensu stricto, that includes the generic type. Despite the polyphyly of the genus as a
whole, there is a close correspondence between these five clades and the major subgeneric
groups defined by Frodin. With the exception of one of his subgeneric groupings
(Sciodaphyllum), his other groups all appear to be monophyletic, demonstrating that he had
successfully identified many of the relationships among the species currently placed in Schefflera
sensu lato. His widespread Sciodaphyllum subgeneric group was defined as the “unspecialized
Schefflera species” from Central and South America, Africa, Malesia, and Asia (see Table 1 of
Plunkett et al., 2005), but this circumscription as a pantropical group differed considerably from
the application of the name Sciodaphyllum as a distinct genus by previous authors. Later Frodin
restricted Sciodaphyllum to the Neotropics (Frodin et al., 2010). As future work is undertaken
within the five major clades of Schefflera (see Plunkett et al., 2005), it is likely that many generic
names will be removed from synonymy and used again, but with very different circumscriptions.
In fact, three of the five Schefflera clades have already been segregated, as described below.
The five clades obtained by Plunkett et al. (2005) can be characterized by a combination
of morphological characters. Geography, however, more readily helps to circumscribe these
clades. Only Schefflera sensu stricto and the “Melanesian Schefflera” have any significant
overlap in geographic distribution in the Southwestern Pacific islands, but in this case, these two
clades are easily separated by their distinct morphologies, both vegetative and reproductive.
Therefore, a combination of geography and morphology remains the best way to distinguish
these five clades.
Given the polyphyly of Schefflera, it seems almost certain that the morphological features
currently used to define Schefflera sensu lato (viz., palmately compound leaves, flower lacking
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articulated pedicels, stems lacking armaments) either evolved multiple times in Araliaceae
(homoplasy) or were ancestral for the entire family (plesiomorphies). Recent evidence strongly
suggests multiple origins of these characters. Several studies have identified simple (rather than
compound) leaves as ancestral in both Araliaceae and more generally in Apiales (Chandler &
Plunkett, 2004; Plunkett et al., 1996, 2004; Wen et al., 2001), concluding that palmately
compound leaves evolved multiple times and across all major clades of Araliaceae. Plunkett et
al. (2004) also suggested that articulated pedicels were ancestral in Araliaceae and have been lost
repeatedly and in all major clades. The evolution of armaments (such as prickles and spines) has
not been examined, but such structures occur in many araliad lineages while being absent in the
common ancestor of Araliaceae and the other families that comprise Apiales (Plunkett et al.,
2005), again suggesting multiple origins of this feature. Thus, all three of the characters currently
used to define Schefflera sensu lato appear to be the result of parallelisms and convergences.
The clade identified by Plunkett et al. (2005) as containing the type species of Schefflera
(Schefflera sensu stricto) includes only eight of the hundreds of species in Schefflera sensu lato.
These species are each endemic to a particular Pacific Island archipelago, including New
Zealand (1 sp.), New Caldeonia (3 spp.), Fiji (2 spp.), Vanuatu (1 sp.), and Samoa (1 sp.).
Ultimately, to ensure that the taxonomy matches phylogenetic relationships, Schefflera will have
to be reduced from the largest genus in Araliaceae to one of the smallest. More importantly, this
will require huge nomenclatural changes for over 600 already named and accepted species. To
date, detailed phylogenetic and nomenclatural studies have been completed only for some of the
smaller clades. The species of the “Melanesian Schefflera” clade (Plunkett & Lowry, 2012;
Lowry et al., 2013) were recently transferred to a reinstated Plerandra, but with a broader
circumscription than that applied by previous authors. Phylogenetic analyses have also been
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completed for the “Afro-Malagasy” clade (Gostel et al., 2017), which was followed by synopsis
(Lowry et al., 2017) that divided its species in two reinstated genera, Astropanax Seem. and
Neocussonia (Harms) Hutch. For the remaining two clades, Asian Schefflera and Neotropical
Schefflera, ongoing work and future investigation must be completed to determine the most
appropriate generic treatment for their species; until then, these species remain in Schefflera.
Species from the “Neotropical Schefflera” clade are the primary focus of this study. The
clade comprises 205 currently accepted species, restricted entirely to the Neotropics and with the
largest centers of diversity along the Andes, in the Guyana Shield, in Brazil, and in the
Caribbean (Frodin & Govaerts 2003). Earlier taxonomic work on this group included three
studies of Schefflera species centered in the Guyana Shield (Maguire et al., 1984), Central
America (Cannon & Cannon, 1989), and the Caribbean (Frodin, 1989). Frodin (1993) published
a complete treatment of Neotropical Schefflera species from Venezuelan Guyana and
immediately adjacent areas, which included an informal infrageneric treatment that re-arranged
Neotropical species of Schefflera into four distinct groups. A decade later, this informal
treatment was expanded to cover all of Schefflera sensu lato, and was published as Table 1 in
Plunkett et al. (2005), with the Neotropical species treated in five informal subgroups:
Cephalopanax, Cotylanthes, Crepinella, Didymopanax, and Sciodaphyllum. Except for
Sciodaphyllum, these groups are all restricted to the Neotropics, with coherent morphologies and
geographical distributions (Frodin, 1995; Plunkett et al., 2005). By contrast, Sciodaphyllum was
defined broadly with a pantropical distribution and a morphologically diversity that Frodin
interpreted as “unspecialized” (see above). Phylogenetic evidence (Plunkett et al., 2005),
however, did not confirm this broad definition, and Frodin later restricted Sciodaphyllum to the
Neotropics and provided alternative informal names for the Asian and African elements (Frodin
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et al., 2010). In the phylogenetic study by Fiaschi & Plunkett (2011), the phylogenetic trees built
using molecular data helped to recognize five subclades within the Neotropical Schefflera clade
that correspond closely to Frodin’s updated morphological groupings. Didymopanax was
recovered as monophyletic, as was Crepinella, with the exception of S. gleasonii (Britton & P.
Wilson) Alain. The Neotropical elements of Sciodaphyllum also formed a clade, but only after
excluding S. tremula (Krug & Urb.) Alain and including S. brenesii A.C. Sm. and S.
paniculitomentosa Cuatrec., both of which had been placed in Frodin’s Cotylanthes group.
Together, S. tremula and S. gleasonii formed a novel subgroup that had not previously been
proposed, but found support from their shared Caribbean distribution. That group, referred to as
the Tremula clade, was sister to the Jahnii clade, which included two undescribed species
apparently related to S. jahnii (Harms) Steyerm., both belonging to Frodin’s Cephalopanax
group.
Of the five subgroups comprising the “Neotropical Schefflera” clade, the Sciodaphyllum
group is the largest and least understood, both in terms of species composition and taxonomic
relationships. Given its size (122 described species, Frodin et al., 2010) and broad distribution,
this clade is difficult to study as a whole and is probably best considered in smaller groups of
species that are presumably closely related. The focus of this dissertation, therefore, is a
subgroup known informally as the “globose capitate” group comprising 20 described species
centered in the Central Andes of Ecuador and northern Peru. This group is hypothesized to be
monophyletic based on morphology, as the species it contains have distinctive paniculate
inflorescences bearing flowers and fruits organized in large globose capitula. To study this
group, loans were obtained from two major herbaria holding important collections of Neotropical
Schefflera, the Missouri Botanical Garden (MO) and the Field Museum of Natural History (F),
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and studied alongside the collections housed in the herbarium of the New York Botanical Garden
(NY). Collections from the French Muséum national d'Histoire naturelle (P) were studied in
Paris. Fieldwork was also undertaken in the center of diversity for this group in the central
Andes, with three separate expeditions to Ecuador and two to Peru. Areas of the highest species
diversity for the globose capitate group were visited, travelling over 15,000 km to collect 179
herbarium specimens in duplicates of two to four. For each collection, spirit samples of buds,
flowers, and fruits were also made for anatomical work, leaf tissue samples were preserved in
silica gel for molecular studies, and digital photographs were taken. During these expeditions,
the collections from eight Ecuadorian and Peruvian herbaria (CPUN, CUZ, ECUAMZ, HOXA,
LOJA, QCA, QCNE, USM) were also studied. This work formed the basis for a phylogenetic
study and the description of three new species.
Chapter 2 presents the results of a phylogenetic study designed to test the monophyly of
globose-capitate group of species and to explore their evolutionary relationships. Chapter 3
presents the description of three new species of this group, two from Ecuador and one from Peru.
Chapter 4 focuses on, Plerandra elegantissima (Veitch ex Mast.) Lowry, G.M. Plunkett &
Frodin, a species formerly treated in Schefflera (belonging to the "Melanesian Schefflera" clade),
but recently transferred to Plerandra. Here, a novel method of IUCN threat assessments based on
niche modelling is tested and then compared to the conventional method of these assessments.
For this study, the "Melanesian Schefflera" clade was chosen instead of the Neotropical clade
because the Ecological Niche Modeling application undertaken requires that a species be well
circumscribed. Knowledge of the Neotropical Schefflera is not advanced enough to meet this
criterion, but in the “Melanesian Schefflera” clade, both phylogenetic and taxonomic studies are
already available (Plunkett & Lowry, 2012; Lowry et al., 2013). Furthermore, P. elegantissima
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was chosen because an IUCN Red List threat assessment using the conventional approach was
already available. Additionally, this species occurs in New Caledonia an area where
environmental/ecological data (such as soil type and vegetation cover) and data concerning the
threat it faces (urbanization and agricultural use of land) has been compiled. These types of data
are necessary in order to use niche modeling to help improve the species threat assessment and
guide its conservation planning.
To conclude, this thesis represents a contribution to our overall knowledge of the
“Neotropical Schefflera” clade by focusing on one of its subgroups. It also provides an
illustration of how ecological niche modeling may be applied to help guide fieldwork and
conservation of endangered plant species.
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Chapter 2. Phylogeny and morphological evolution among the Andean Neotropical
Schefflera (Araliaceae) with globose capitate inflorescences
2.1 Abstract
Schefflera is the largest genus of Araliaceae, with 605 described species and many others
awaiting formal description. Recent studies, however, have demonstrated that Schefflera is
polyphyletic, comprising five geographically-centered clades spread across the major lineages of
Araliaceae. One of these, the Neotropical Schefflera clade, is includes 205 described species and
a similar number yet to be described. To advance our understanding of this clade, this study
focuses on a morphologically based grouping of 20 species of Schefflera species with paniculate
inflorescences that terminate in globose capitula, informally referred to as the “globose capitate
group”. The monophyly of this group is tested here, along with a trait evolution analysis of the
terminal units found in Neotropical Schefflera. Results indicate that the globose capitate group is
polyphyletic and that globose capitula have originated multiple times independently within the
Neotropical Schefflera clade, suggesting that this character has resulted through convergent or
parallel evolution.
2.2 Introduction
The genus Schefflera J.R. Forst. & G. Forst. is the largest in the family Araliaceae, with
605 described species and several hundred more awaiting description (Frodin & Govaerts, 2003;
Frodin et al., 2010; Plunkett et al., 2018). In earlier studies, both Wen et al. (2001) and Plunkett
et al. (2004) suggested the polyphyly of the genus, but they included only a limited number of
species from Schefflera sensu lato in their family-wide studies of Araliaceae. The study of
Plunkett et al. (2005) was the first effort to focus specifically on relationships between the major
groups of Schefflera sensu lato, as well as their placement in the family. To do so, the authors
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used molecular data derived from a broad sampling of taxa to test the morphologically and
geographically based subgeneric groupings proposed by Frodin (see Table 1 in Plunkett et al.,
2005). The data set included a total of 68 species of Schefflera and 158 terminals overall (of
which seven were outgroup taxa), from which molecular data were collected from nuclear ITS
and plastid trnL-trnF markers. The results indicated that Schefflera comprises five well
supported clades that are scattered across the phylogenetic tree of Araliaceae (Plunkett et al.,
2005). The clades identified were geographically structured and these areas were highlighted in
the choice of informal names applied to each clade. The two largest clades, “Asian Schefflera”
and “Neotropical Schefflera”, both belong to the larger “Asian Palmate” clade of Araliaceae, a
mainly Asian group that also includes genera such as Brassaiopsis Decne. & Planch.,
Dendropanax Decne. & Planch., Eleutherococcus Maxim., Fatsia Decne. & Planch., Hedera L.,
and Trevesia Vis. (among others), as well as the Neotropical genus Oreopanax Decne. & Planch.
(Wen et al., 2001; Lowry et al., 2004; Plunkett et al., 2004, 2005). Another group includes the
“Melanesian Schefflera” clade, which belongs to the larger “Polyscias-Pseudopanax” clade that
is centered in the western Pacific. The two remaining clades of Schefflera, “African-Malagasy
Schefflera” and Schefflera sensu stricto, formed part of a large basal polytomy, suggesting the
need for greater sampling of taxa and/or characters to resolve relationships at the base of the tree.
One of these two clades, Schefflera sensu stricto, contains the type (S. digitata J.R. Forst. & G.
Forst.) along with only seven other species. From a nomenclatural perspective, this finding
necessitates the taxonomic transfer of nearly 600 described and accepted species. As a result,
Schefflera will be reduced from the largest genus of Araliaceae to one of the smallest.
To date, the Melanesian Schefflera clade has been the focus of detailed phylogenetic
work (Plunkett & Lowry, 2012) and the publication of a synoptic revision (Lowry et al., 2013)
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resulting in the transfer of its species into an expanded and amended genus Plerandra A. Gray,
which was further subdivided into six subgenera. Similar studies have recently been completed
for the Afro-Malagasy Schefflera clade. Following a phylogenetic study (Gostel et al., 2017), a
synoptic revision (Lowry et al. 2017) was completed, and the species of this clade were divided
into two reinstated genera, Astropanax Seem. and Neocussonia (Harms) Hutch. For the
remaining and much larger clades, from Asia and the Neotropics, additional sampling of both
taxa and characters must be undertaken to determine their full species composition and to test
their monophyly. Such an effort will also help to determine if each of these two clades should be
treated as a single genus, as was done for Melanesian Schefflera, or more than one genus, as was
the case for Afro-Malagasy Schefflera.
The Neotropical Schefflera clade comprises 205 described species and roughly as many
species as yet undescribed, making it the second largest clade of Schefflera sensu lato, second
only to Asian Schefflera (Frodin & Govaerts, 2003; Frodin et al., 2010). The sampling from this
group in Plunkett et al. (2005), however, was limited to only seven species. To date, the
Neotropical Schefflera clade has been the least intensively studied, and therefore the most poorly
known group of Schefflera sensu lato. Based on morphology, Frodin initially established seven
informal subgroupings of Schefflera in the Neotropics (Frodin, 1995), but later reduced the
number to five (see Table 1 in Plunkett et al., 2005), namely Cephalopanax, Cotylanthes,
Crepinella, Didymopanax, and Sciodaphyllum (the last of which had been expanded to include
his formerly recognized groups Attenuatae and Cheilodromi). Frodin’s Sciodaphyllum group
was envisioned as pantropical at the time, but has subsequently been shown to be polyphyletic,
with its species falling in three different clades of Schefflera sensu lato (Plunkett et al., 2005). To
confirm both the initial finding that the Neotropical Schefflera clade is monophyletic and to test
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Frodin’s subgroupings, a phylogenetic study was later conducted by Fiaschi & Plunkett (2011).
In that study, the authors expanded the ITS and trnL-trnF datasets from Plunkett et al. (2005) and
added a newly assembled ETS data set based on a broader taxonomic sampling that represented
most of the morphological and geographical diversity of the group. The results confirmed the
monophyly of Neotropical Schefflera and its placement in the larger Asian Palmate clade. The
subclades retrieved from the analyses corresponded closely to Frodin’s informal groupings.
Didymopanax, Crepinella [excluding only Schefflera gleasonii (Britton & P. Wilson) Alain] and
Sciodaphyllum [excluding only S. tremula (Krug & Urb.) Alain] were monophyletic. Schefflera
tremula and S. gleasonii formed a small, novel clade informally called the Tremula clade, while
its sister group, the Jahnii clade, included two species related to S. jahnii (Harms) Steyerm.,
corresponding to Frodin’s Cephalopanax group. A more recent study, Plunkett et al. (in press)
further expanded the sampling of Neotropical Schefflera as well as including species from the
Asian Schefflera clade. To do so, a dataset of 211 Schefflera samples and 38 samples from other
genera of Araliaceae was assembled, from which DNA of six spacer regions were retrieved,
including two nuclear (ETS, ITS) and four plastid markers (rpl32-trnL, trnF-rpl32, trnK-rpl16,
psbA-trnH). The monophyly of the Neotropical Schefflera and the Asian Schefflera clades was
confirmed, both retrieved in the Asian Palmate clade of Araliaceae but not as sister groups.
Similar to Fiaschi & Plunkett (2011) an concerning the Neotropical Schefflera clade, the study
by Plunkett et al. (in press) recovered Cephalopanax, Crepinella, Didymopanx, and
Sciodaphyllum as monophyletic groups, as well as a clade containing S. tremula and S. gleasonii
named Gleasonia by the authors.
Sciodaphyllum is the largest and most poorly documented of the five groups of the
Neotropical Schefflera clade, both in its species composition and its phylogenetic relationships.
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To increase our understanding of this group, it would be useful to extend the studies of Fiaschi
and Plunkett (2011) and Plunkett et al. (in press) by focusing more intensively on smaller groups
within Sciodaphyllum. The present study represents a contribution to achieving this broader goal
by focusing on a morphologically similar group of 20 described species plus at least as many
undescribed species from Sciodaphyllum that share a highly similar inflorescence structure and
are here informally referred to as the “globose capitate group” (see Table 1). These species are
treelets to large trees, 15 to 20 m tall. They are found in cloud or dwarf forests, generally at high
elevation (2,000 to 3,500 m), and are distributed in the northern and central Andes from southern
Colombia to Bolivia, with a center of diversity in Ecuador and Peru. While the monophyly of
this group has not yet been formally tested, its distinctive morphology suggests that it may
represent an evolutionary lineage, since all of its species have paniculate inflorescences bearing
large, globose capitula, a trait not found among other Neotropical Schefflera.
Although the most common terminal inflorescence structure in this clade is the umbel,
other arrangements of flowers are also found, such as capitula, racemes, and spicules. Among the
capitate species, three arrangements of flowers exist, referred to as globose capitate, non-globose
capitate, and Cephalopanax-like. The latter of these are restricted to the Cephalopanax clade,
where the heads are born on stout peduncles with paired bracts on paniculate inflorescences, and
are clubbed-shaped with tightly packed flowers and fruits. The non-globose and globose
arrangements are spherical to ovoid in shape and are also born on paniculate inflorescences. The
key to distinguishing these two types is their size, number of fruits per heads, and the
compactness of the fruits. Globose heads are larger (at least 2 to 5 cm. in diameter in fruit), while
non-globose heads are smaller (generally no more than 2 cm. in diameter in fruit). Additionally,
globose heads contain more fruits per head and, as a result, the individual fruits are so tightly
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packed that they take on an obpyramidal shape as they develop, and are so closely appressed to
each other that only the very top portion of the ovary is generally visible at maturity (resembling
multiple fruits, but without the anatomical fusion of the individual units). By contrast, in nonglobose heads, there are fewer fruits per head, leading to a more loosely packed structure that
allows the fruits to expand laterally and become terete in cross section as they are not appressed
to one another at maturity.
The phylogenetic study undertaken here provides a test of the monophyly of the globose
capitate group in the broader context of the entire Sciodaphyllum clade. To achieve this goal,
two nuclear spacers were sampled, ETS and ITS, along with four plastid intergenic spacers,
rpl32-trnL, ndhF-rpl32, trnK-rps16, and trnH-psbA. The taxon-sampling strategy attempted to
include as many of the globose capitate species as possible, adding them to the existing database
of other Sciodaphyllum species available from published and unpublished studies (notably
Fiaschi & Plunkett, 2011, and Plunkett et al., in press). If the globose capitate group is shown to
be monophyletic, it would represent only the fourth major subclade within Sciodaphyllum to be
confirmed on the basis of molecular data, after Attenuatae, Patulae, and Violoaceae (Plunkett et
al., in press). It would also suggest that globose capitula borne on a paniculate inflorescences
have evolved only once in Neotropical Schefflera and thus constitutes a synapomorphy for the
group. Conversely, if the group is found to be non-monophyletic, it would suggest that this
distinctive inflorescence structure must have evolved two or more times through convergent
evolution. In either case, this study will increase our understanding of the Sciodaphyllum clade at
least by providing some resolution of the relationships within it.
2.3 Methods
Taxon sampling
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The markers and taxon sampling from across the Neotropical Schefflera clade compiled
by Fiaschi & Plunkett (2011) has since been enlarged by the study of Plunkett et al. (in press)
with the addition of 75 new accessions, resulting in a total of 131 samples (of which 66 are from
Sciodaphyllum) in order to further our understanding of relationships both within Neotropical
Schefflera and its relationship to the Asian clade of Schefflera and the broader Asian Palmate
group of Araliaceae. Of the ~ 40 species comprising the globose capitate group, the sampling of
Fiaschi & Plunkett (2011) included only two species, S. angulata (Pav.) Harms from Ecuador
and Peru, and S. herzogii Harms from Bolivia. In the study of Plunkett et al. (in press), five
additional species have been sampled, namely S. cf. inambarica Harms (from Bolivia and Peru),
S. pentandra (from Ecuador and Peru), S. trollii Harms (from Bolivia), and two putative new
species from Ecuador (S. sp. E11, S. sp. E24). To evaluate the monophyly of the globose capitate
group here, its members were sampled as exhaustively as possible and the resulting data were
added to the already existing database of sequences from Sciodaphyllum species. In the present
study, a total of 156 samples were included, of which 90 were from the globose capitate group,
belonging to 46 distinct species seven of which have formal taxonomic names and, 39 of which
are as yet undescribed, representing 35% of the total known entities with globose-capitate heads.
Chengiopanax sciadophylloides (Franch. & Sav.) C.B. Shang & J.Y. Huang, from Asia, was
chosen as the outgroup on the basis of the results of Plunkett et al. (in press).
Molecular Protocols
Total DNA was extracted from 82 samples using a modification of the DNeasy Plant
Mini kit (QIAGEN Inc., Valencia, California), as described by Alexander et al. (2007). These
DNAs were used for PCR amplification of the two nuclear and four plastid regions.
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The ITS region (including ITS1, ITS2, and the intervening 5.8S gene) was amplified
using the primers ITS5* (Downie and Katz-Downie, 1996) and C26A (Wen and Zimmer, 1996).
Select herbarium samples required the replacement of C26A by ITS4 (White et al., 1990). PCR
amplification of the ITS region included 0.8 μL of each primer (5 μM), 0.8 μL of spermidine (4
mM), 8 μL of EconoTaq PLUS GREEN 2X Master Mix (Lucigen Inc.), 2 μL of total DNA, and
purified water for a final volume of 16 μL. The thermocycler program involved 40 cycles of
94°C (30 sec) for denaturation, 52°C (60 sec) for primer annealing, and 72°C (50 sec) for
extension.
The ETS region included a short ~500 bp fragment immediately adjacent to the 5' end of
the 18S gene, and was amplified using primers 430-f and 18S-2L-r (Tronchet et al., 2005; Linder
et al., 2000 respectively), but some samples required the use of primer 400-f as an alternative to
430-f (Fiaschi and Plunkett, 2011). Otherwise, the reaction recipe and amplification protocols for
the ETS region were identical to those of ITS.
The four plastid regions were amplified using the following primers, all described in
Plunkett et al. (in press): trnH-psbA was amplified using primers trnH-NF and psbA-NR, while
the other three markers were amplified using internal primers rpl32-trnL-F with rpl32-trnL-MR
and rpl32-trnL-MF with rpl32-trnL-R for the rpl32-trnL region; ndhF-rpl32-F with ndhF-rpl32MR and ndhF-rpl32-MF with ndhF-rpl32-R for the ndhF-rpl32 region; and trnK-rps16-NF with
trnK-rps16-MR and trnk-rps16-MF with trnk-rps16-NR for the trnK-rps16 region. The rpl32trnL, ndhF-rpl32, and trnK-rps16 plastid regions were amplified using the same reaction recipe
and amplification protocol, which included 0.8 μL of each primer (5 μM), 0.8 μL of spermidine
(4 mM), 8 μL of EconoTaq PLUS GREEN 2X Master Mix (Lucigen Inc.), 2 μL of total DNA,
and purified water for a final volume of 16 μL. These regions were amplified using 40 cycles of
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94°C (30 sec), 54°C (30 sec), and 70°C (60 sec). The PCR recipe for trnH-psbA was identical to
the other markers, but this region was amplified using 40 cycles of 94°C (30 sec), 54°C (30 sec),
and 70°C (30 sec).
The sequencing reactions were performed using the BigDye Terminator cycle sequencing
kit (ver. 3.1, Life Technologies, Applied Biosystems Corp., Foster City, California), separated on
an ABI 3730xl DNA Analyzer (Life Technologies, Applied Biosystems Corp.), and raw signal
data was processed using 3730 Data Collection software and sequence analysis software (v4.0,
Life Techonologies, Applied Biosystems Corp.). For each marker, the sequences were
assembled, edited and aligned using MUSCLE with manual adjustments (version 3.5, Edgar,
2004) as part of the Geneious software package (version 9.1.8, Kearse et al., 2012).
Phylogenetic Analyses
All datasets were analyzed by maximum parsimony (MP) using PAUP* (version 4.0a;
Swofford, 2003), maximum likelihood (ML) with RaxML (version 8.0.0; Stamatakis, 2014), and
Bayesian inference (BI) with MrBayes (version 3.2.2; Huelsenbeck & Ronquist, 2001). The
analyses were conducted using the CIPRES Science Gateway (version 3.3; Miller et al., 2010).
To evaluate the monophyly of the globose capitate group, three datasets were assembled and
analyzed, one for the two nuclear markers, one for the four plastid markers, and another for the
combined nuclear and plastid markers. The congruence and combinability of datasets was
assessed using the partition homogeneity test (Mickevich & Farris, 1981; Farris et al., 1995). In
all analyses, alignment gaps were treated as missing data. Bootstrap analyses (Felsenstein, 1985)
were used to evaluate the confidence of each clade both in MP and ML. The program
jModelTest (vers. 2.1.3, Darriba et al., 2012; Guindon & Gascuel, 2003) was used to determine
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the best model of sequence evolution for the ML and BI analyses, as assessed by the Akaike
information criterion (AIC).
The size of the dataset made it impossible to use an exhaustive parsimony approach due
to computational limitations, so a three-step MP approach was followed (described by Plunkett et
al., 1997). In the first step, a heuristic search was conducted in which 1,000 random addition
replicates were completed with TBR branch swapping, ACCTRAN optimization, MULPARS in
effect, saving no more than 100 trees per replicate. To search the trees space for more
parsimonious topologies, a second step was conducted with trees of the first step loaded as
starting trees for a single replicate and saving no more than 100,000 trees. Finally the strict
consensus tree from this search was loaded as a topological constraint in a third step. For an
additional 1,000 replicates, trees where saved only if they disagreed with the constraint. If no
shorter or additional equally parsimonious trees were recovered, then the strict consensus tree
from step 2 was used as the best estimate of phylogenetic relationships.
In the BI analysis, two simultaneous runs were performed for 10 million generations,
sampling trees every 1,000 generations. The Markov Chain Monte Carlo (MCMC) procedure
was used to obtain the set of most likely trees. To determine if a sufficient number of generations
had been completed, the average standard deviation of split frequencies between the two runs
was used as a convergence metric, and effective sample sizes (ESS) were examined for the
MCMC parameters using the Tracer Software package (v1.7.1; Rambaut et al., 2018). Tracer
was also used to calculate the burn-in empirically by examining the likelihood scores of the
resulting trees to determine the point at which stationarity had been reached.
Trait Evolution Analysis
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To explore the evolution of the terminal inflorescence structure in Neotropical Schefflera,
four character states were coded: umbels, clubbed-shaped heads, non-globose heads, and globose
heads. The BayesTraits package (vers. 2; Meade & Pagel, 2014) was used in combination with
the RASP software package (vers. 4; Yu et al., 2015). An input file of 10,000 trees was derived
from the results of the Bayesian phylogenetic analysis (from MrBayes), as described above.
2.4 Results
Sequence Data
All six markers were obtained for the 156 samples in this study, with the exception of
two samples for which we were unsuccessful in generating ETS sequences, 29 samples for which
ndhF-rpl32 could not be obtained, 14 samples that were missing ITS data, two samples lacking
psbA-trnH, and 12 samples for which rpl32-trnL was missing. The characters represented by
these 59 failed sequences were coded as missing data in the phylogenetic analyses. Despite this, I
obtained both nuclear and plastid data for every sample and no sample is lacking more than two
sequences, apart from Sciodaphyllum sp. EPgc1, which is missing three (ndhF-rpl32, ITS, and
rpl32-trnL). A total of 877 sequences were assembled for this study, of which 425 (48.5%) were
newly generated, all from samples belonging to species with globose capitula. The remaining
452 (51.5%) sequences were published in previous studies (mostly Plunkett et al., in press, but
also Fiaschi & Plunkett, 2011; Plunkett et al., 2001, 2005; Plunkett & Lowry, 2001; Wen et al.,
2001, 2008).
A complete comparison of sequence lengths and levels of variation is provided in Table 2
for each marker sequenced. Across all taxa, levels of variation were higher in comparison to the
study from Fiaschi & Plunkett (2011), which sampled fewer DNA regions, and for the plastid
data, surveyed only the slowly evolving trnL-trnF. In comparison to the study from Plunkett et
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al. (in press) the level of variation here is lower. That study, which employed the same markers
as the present study, sampled from fewer Neotropical Schefflera species but also from genera
throughout the Asian Palmate group of Araliaceae, the broader clade to which Neotropical
Schefflera belongs. This wider sampling across Araliaceae accounts for the higher levels of
variation in their results. Herein, the two nuclear markers showed greater variability then the four
plastid spacers. For ITS, the 740 aligned characters included 103 potentially informative sites
(13.9%), and for ETS characters, 85 out of a total of 571 sites were potentially informative
(14.9%). In comparison, the aligned length of the plastid markers ranged from 567 bp (psbAtrnH) to 1,608 bp (ndhF-rpl32), yielding a total of 4,530 characters upon concatenation, of which
222 (4.9%) were potentially informative. Even though average variability of the plastid markers
was less than that of the nuclear markers, the plastid markers provided a greater number of
variable characters for this study (222, compared to the 188 variable nuclear characters).
Similarly, the uncorrected distances between all pairwise comparisons were lower for all 6
markers in comparison to the study from Plunkett et al. (in press), with slightly higher levels for
the two nuclear markers. Maximum pairwise distances never exceeded 8.3% for ITS and 9.3%
for ETS, whereas for the plastid spacers, the maximum distances ranged from 1.9% (ndhF-rpl32)
to 6.4% (trnK-rps16).
Phylogenetic Trees
All three phylogenetic methods resulted in similar tree topologies (Figures 1–3, BI
analyses; and the following supplemental figures: Figs. S1–S3, MP analyses; and Figs. S4, ML
analysis). The BI trees will be discussed at length here because this method combines the
advantages of a model-based method (like ML) with those of a more conservative, consensus
approach (like MP, but unlike ML, which shows only a single, best-score tree). It also has the
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advantage of having built-in support values (i.e., posterior probabilities). To explore support
further, parsimony bootstrap percentages will also be discussed.
The empirical examination of likelihood scores indicated that the burn-in represented less
than 1% of the earliest generations of trees. A conservative 10% burn-in was applied to generate
the Bayesian consensus tree with posterior probabilities. For the combined and nuclear data sets,
10 million generations were completed, but 50 million generations were required in order to
obtain sufficient sample sizes (ESS > 200) for all parameters measured by Tracer.
The nuclear tree (Figs. 1) recovered two main ingroup clades, Sciodaphyllum plus its
sister group, which unites the four remaining clades of Neotropical Schefflera. The plastid tree
(Fig. 2) failed to recover this relationship and instead there is a basal polytomy comprising all
five major clades of Neotropical Schefflera. Among these clades are Cephalopanax [posterior
probability (PP) = 1.0 and parsimony bootstrap (BS) = 98% for the nuclear tree and PP = 1.0 and
BS = 100% for the plastid tree], Didymopanax (PP = 0.98, BS < 50% for nuclear tree and PP =
1.0, BS = 100% for the plastid tree), and Crepinella (PP = 1, but BS = 54% for the nuclear tree
and PP = 1.0, BS = 99% for the plastid tree). The nuclear tree also recovered a clade uniting the
two species (Schefflera gleasonii and S. tremula) of the Gleasonia clade (PP = 1.0, BS = 100%),
but these species are left unresolved in the plastid tree. The nuclear tree further resolved
relationships among these four non-Sciodaphyllum clades, in which Gleasonia and
Cephalopanax are sisters (PP = 0.72, BS = 68%), and Crepinella and Didymopanax likewise
form sister groups (PP = 1.0, BS = 88%). In the Sciodaphyllum clade, three previously
recognized morphological groupings were recovered in both the nuclear and plastid trees, the
Attenuatae clade (PP = 0.69, BS = 53% in the nuclear tree and PP = 1.0, BS = 75% in the plastid
tree), the Patulae clade (PP = 1.0, BS = 99% in the nuclear tree and PP = 1.0, BS = 86% in the
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plastid tree), and the Violaceae clade (PP = 1.0, BS = 98% in the nuclear tree and PP = 0.81, BS
< 50% in the plastid clade), but the plastid tree did not include S. cf. violacea [Neill 13877] in
Violaceae, whereas the nuclear tree did. In the nuclear tree, Attenuatae and Patulae are sisters
(PP = 0.74, BS = 87%), but in the plastid tree they are successive sister groups to the rest of
Sciodaphyllum.
The ILD test (p = 0.001) suggested that the datasets may be too heterogeneous to be
combined, which serves as a measure of data congruence. To explore this further, the plastid and
nuclear trees were compared. While there are some examples of topological incongruence
between the trees, this incongruence is generally “soft”, representing relationships marked by
lack of resolution or poorly supported clades in one or both trees. Therefore, the datasets were
combined. In general, the combined tree (nuclear + plastid data, Fig. 3) recovered the same
major clades as those resulting from the separate datasets but with increased support and
resolution. Like the trees based on separate datasets, the combined tree recovered the same four
basal clades, Gleasonia (PP = 1.0, BS = 98%), Cephalopanax (PP = 1.0, BS = 100%), Crepinella
(PP = 1.0, BS = 90%), and Didymopanax (PP = 1.0, BS = 95%). Gleasonia and Cephalopanax
are sister clades, but with low support (PP = 0.52, BS = 51%), while the Crepinella and
Didymopanax clades are sisters with much higher support (PP = 1.0, BS = 98%). In the
Sciodaphyllum clade, multiple subclades were recovered, but the relationships among these
clades are not fully resolved. The two earliest diverging clades were Attenuatae (PP = 1.0, BS =
94%) and Patulae (PP = 1.0, BS = 100%), which were successively sister to the remaining
species of Sciodaphyllum, reflecting the plastid topology. Eleven other clades were recovered in
Sciodaphyllum (labeled A through K in Fig. 3) with a wide range of support values (ranging
from PP = 0.56 to 1.0 and BS = <50% to 81%). These clades were also recovered to varying
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degrees in the nuclear and plastid trees, but had higher support values in the combined tree. In
the combined tree, the Violaceae clade (PP = 1.0, BS = 97%) was found to be nested in Clade F.
2.5 Discussion
Comparison to Previous Studies
The results of the study shows strong agreement between the major clades recovered here
and those recovered in previous studies. Outside of Sciodaphyllum, this study recovered the
same four clades found in Fiaschi and Plunkett (2011) and Plunkett et al. (in press), namely
Cephalopanax, Crepinella, Didymopanax, and Gleasonia, each strongly supported. The
supported sister-group relationship of Didymopanax and Crepinella had also been found in these
previous studies. Likewise, the relationship of Gleasonia to Cephalopanax was recovered both
here and by Fiaschi and Plunkett (2011), but with low support. This relationship was not
recovered by Plunkett et al. (in press). Data from more rapidly evolving markers are probably
needed to further improve our understanding of the relationships between these two clades.
Within Sciodaphyllum, this study also recovered subclades previously recognized on the basis of
morphology (see Frodin et al., 2010), namely Attenuatae, Patulae, and Violaceae, all with high
support, similar to the findings of Plunkett et al. (in press). In comparing these clades to the other
subgroups of Frodin et al. (2010), they are the only three that match his informal morphological
subgroups in Sciodaphyllum. The present study provides evidence for several other groupings in
the morphologically diverse Sciodaphyllum, and provides a test of the monophyly of the globose
capitate group of species, which share a similar morphology in their ultimate inflorescence units.
The Globose Capitate Group
As described above, there are 20 described species characterized by globose capitate
inflorescences (Table 1). During field and herbarium studies conducted for the present study,
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however, many undescribed species with this morphology were discovered. These studies have
identified at least 26 clearly distinct new species with this same inflorescence morphology, and
perhaps as many as 71 new species in total, more than tripling the estimated number of species
with this type of inflorescence, and bringing the globose capitate species to 91 in total. Three of
these species are currently being described (Chapter 2), and the remaining 23 clearly distinct new
species will be described in future studies. The 45 other, potential novelties will require more in
depth studies to determine their taxonomic status. In the analysis presented here, 46 taxa
(including described, undescribed, and potentially new species) with globose capitula have been
included, which represents 53% of the 91 possible taxa. Of the 46 species included in this study,
7 have already been described, 14 represent new species, and 25 are taxa that need additional
study.
None of the species with globose capitate inflorescences fell within Cephalopanax,
Crepinella, Didymopanax, or Gleasonia clades, but were restricted to the Sciodaphyllum clade.
These species did not, however, form a monophyletic group within Sciodaphyllum. Instead, taxa
with globose capitate inflorescences fall in nine of the 13 clades that compose Sciodaphyllum.
Thus, globose capitula do not appear to have had a single origin, and the hypothesis that species
expressing this inflorescence type form a monophyletic group must be rejected. In fact, globose
capitula are also found in other genera of Araliaceae, including some species of Asian Schefflera,
Oreopanax, and Meryta. In Meryta, however, the individual fruits are anatomically fused and
thus this genus is characterized by truly multiple fruits, a feature unknown in Sciodaphyllum or
the other genera.
To gain a better understanding of the evolution of terminal inflorescence units in
Neotropical Schefflera, a character evolution analysis was conducted using the BayesTraits
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software (Pagel & Meade, 2007) implemented in RASP (Yu et al., 2015). Plunkett et al. (in
press) conducted a similar study of the evolution of terminal inflorescence structures, and many
of their results are echoed here, but the character analysis in their study was coded using only
three states, umbels, heads, and racemes/spikes. Because this study is focused on the origin of
globose heads, it was necessary to separate the character states ‘heads’ by its different forms and
therefore, the character states used here are were expanded to include umbels, Cephalopanax
heads, non-globose heads, and globose heads. Thus, this study provides a more detailed
understanding of the evolution of heads in Neotropical Schefflera.
In this study (similar to the findings of Plunkett et al., in press), umbels have the highest
probability of being the ancestral type of ultimate inflorescence unit in Neotropical Schefflera
(83% [node 312]; see Table 3, Fig. 4; supplemental Table S1, Fig. S5). The first transformation
to heads occurs in the Cephalopanax clade (100% [node 308]), with its unique clubbed-shaped
heads (i.e., Cephalopanax heads). The most likely ancestral state in Sciodaphyllum is also
umbels (74% [node 302]), but with a 20% probability of being globose heads. The two earliestdiverging clades of Sciodaphyllum are both characterized by umbels, but it seems more likely for
the rest of Sciodaphyllum (clades A-K, along with all unresolved samples in the large polytomy)
to have globose heads as their ancestral state (87% [node 295]). If this interpretation is correct, it
would mean that globose capitula may have arisen once, with many subsequent reversals to
umbels and that transformations to non-globose heads have occurred. It is possible that by
including more umbellate and non-globose capitate terminals and by increasing the resolution of
the tree, we could obtain a different result at node 295, such that the ancestral state would be
umbels or non-globose heads. However, the study by Plunkett et al. (in press) came to the same
conclusion, that globose heads are ancestral at node 295, by including a smaller globose capitate
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dataset. In clades A through K, under the most likely scenario of globose heads being ancestral,
reversals to umbels in clade F (97% [node 237]) and in clade K (97% [node 290]) have occurred,
as well as a transformation to non-globose heads in clade A (89% [node 214]) and a subsequent
reversal back to globose heads in subclade 1 of clade A (92% [node 194]).
Given the non-monophyly of the globose capitate group and the multiple transformations
among inflorescence types, it may be instructive to look more closely at the structure of these
globose capitula. The distinction between umbels, non-globose heads and globose heads has
proven useful in distinguishing species, but these character states are more continuous than
discrete, and the inflorescences of some species do not strictly fall into just one of these
categories. For example, the species Sciodaphyllum “pongo” (ined.) has flowers arranged in
heads that are intermediate in structure between non-globose and globose heads, with individual
fruits that are not completely loose from each other but also not completely appressed. Another
example, not included in this study but illustrated in Fig. 5, is S. “hemispherica” (ined.), a
species that has an expanded, hemispherical receptacle that bears the flowers, but appears to
become truly spherical at the fruiting stage, and thereby approximates the globose capitate
structure. Therefore, we regard ultimate inflorescence units as useful features for describing and
identifying species, as the vast majority of species fall into one of the character states defined
above, but not as a source of potential synapomorphies for defining evolutionary lineages.
Phylogenetic Relationships in Sciodaphyllum
Sciodaphyllum is a morphologically diverse group, and many other features (in addition
to globose capitate inflorescence) appear to be subject to convergence (see Plunkett et al., in
press). Globose capitate species are found in 9 of the 11 clades (labeled A though K in Fig. 3),
and so it may be useful to explore these clades to determine if any other characters (or suites of
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characters) can be used to help define these smaller groups. Clade A is well supported (PP = 1.0,
BS = 75%) and the species contained in it occur across a wide geographical area, from Central to
South America (including Bolivia, Brazil, Costa-Rica, Ecuador, Guyana, and Peru; Fig. 3).
Subclade 1 of clade A (PP = 0.98, BS < 50%) is comprised almost entirely of species with
globose capitula, except for Sciodaphyllum duidae, which has non-globose heads. Many of the
globose capitate taxa of this subclade (including S. duidae) have very large ligules that are about
two to five times as long as they are wide, and often clasp the stem for most of their length, such
as those found in S. pentandra. In the rest of Clade A only one species is globose capitate, S. cf.
inambarica. Clade D (PP = 0.77, BS < 50%) is composed entirely of taxa from the provinces of
southern Ecuador, although species S. sp. EPgc1 is also known from the adjacent Amazonas
department of Peru. Many species of this group occur in the Cordillera del Condor, a mountain
formation at the border of these two countries. The clade is almost entirely composed of globose
capitate species except for S. “pongo” (ined.), which has heads intermediate between globose
and non-globose morphologies, and S. “gayleriana” (ined.), a species with non-globose capitula.
Many species in this clade have strongly impressed veins on the adaxial side of the leaves and
strongly visible tertiary venation on both the adaxial and abaxial surfaces of the leaves, such as
seen in S. “pongo” (ined.). Clade G (PP = 0.56, BS < 50%) contains exclusively Peruvian
species with globose capitula, most of which are found around the city of Oxapampa (Pasco
department), while one species is found in the nearby Huánuco department and another is found
up north in the more distant Chachapoyas province (Amazonas department). All of its species
share the same stipule character, having short triangular stipules covered in lenticels, and often
drying black.
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For the remaining clades of Sciodaphyllum with globose capitate species (clades B, C, E,
H, I and J), no shared morphological characters could be identified at present, but some of these
clades are geographically coherent. Clade B (PP = 1.0, BS = 63%) is entirely globose capitate,
except for S. allocotantha, which has umbels, and all species occur in cloud forests of the
Eastern Cordillera in Bolivia (La Paz and Cochabamba departments), except for S. aff.
inambarica [Gentry 23550], which is found around in cloud forests near Pillahuata in Cusco
department, Peru. Clade C (PP = 0.86, BS < 50%) is entirely restricted to Ecuador and all of its
species have globose capitula. Clade E (PP = 0.9, BS < 50%) contains species from Colombia
(Antioquia and Valle del Cauca departments), Panama, and Costa-Rica, and three species have
globose heads (S. trianae, S. calycina, and S. sp. Cgc3). The species of clade H (PP = 1.0, BS =
73%) are restricted to southern Ecuador (Loja and Zamora-Chinchipe provinces), all having
globose capitula except for S. alphitoniifolia, a species with non-globose heads. Clade I (PP =
0.82, BS = 81%) is only found in the mountain ranges north-east of Machu Picchu in Cusco
department, Peru, and its species all have globose capitula, whereas the species of clade J (PP =
0.72, BS < 50%) are restricted to northern Ecuador (Carchi, Imbabura, and Pichincha provinces)
and all have globose capitula.
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2.6 Figures and Tables

Figure 2.1A Bayesian Inference tree (BI) of the nuclear data of ETS and ITS sequences. Support
values are provided above the branches in the following order: posterior probability (PP) from
BI/parsimony Bootstrap (BS). BS percentages < 50% are represented by <.
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Figure 2.1B Bayesian Inference tree (BI) of the nuclear data of ETS and ITS sequences. Support
values are provided above the branches in the following order: posterior probability (PP) from
BI/parsimony Bootstrap (BS). BS percentages < 50% are represented by <.
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Figure 2.2A Bayesian Inference tree (BI) of the plastid data of rpl32-trnL, ndhF-rpl32, trnKrps16, and trnH-psbA sequences. Support values are provided above the branches in the
following order: posterior probability (PP) from BI/parsimony Bootstrap (BS). BS percentages <
50% are represented by <.
34

Figure 2.2B Bayesian Inference tree (BI) of the plastid data of rpl32-trnL, ndhF-rpl32, trnKrps16, and trnH-psbA sequences. Support values are provided above the branches in the
following order: posterior probability (PP) from BI/parsimony Bootstrap (BS). BS percentages <
50% are represented by <.
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Figure 2.3A Bayesian Inference tree (BI) of the combined (nuclear + plastid) data. Support
values are provided above the branches in the following order: posterior probability (PP) from
BI/parsimony Bootstrap (BS). BS percentages < 50% are represented by <. Taxa in bold belong
to the globose capitate group.
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Figure 2.3B Bayesian Inference tree (BI) of the combined (nuclear + plastid) data. Support
values are provided above the branches in the following order: posterior probability (PP) from
BI/parsimony Bootstrap (BS). BS percentages < 50% are represented by <. Taxa in bold belong
to the globose capitate group.
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Figure 2.4A Trait evolution of the terminal inflorescence units. Taxa in bold belong to the
globose capitate group. Black circles are the nodes of interest from the BayesTrait (Meade &
Pagel, 2016) analysis using the Bayesian Inference tree. White numbers in the circles correspond
to the ones giving by the analysis. Percentages of each character states for each node can be
found in Table 3. For full results of the analysis see supplemental material (Table S1, Fig S5).
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Figure 2.4B Trait evolution of the terminal inflorescence units. Taxa in bold belong to the
globose capitate group. Black circles are the nodes of interest from the BayesTrait (Meade &
Pagel, 2016) analysis using the Bayesian Inference tree. White numbers in the circles correspond
to the ones giving by the analysis. Percentages of each character states for each node can be
found in Table 3. For full results of the analysis see supplemental material (Table S1, Fig S5).
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Figure 2.5 A-B. Schefflera pentandra with globose capitate inflorescences –– C-D S. hemispherica (ined.) with hemispherical heads
at the flowering stage that appear spherical (globose-like) at the fruiting stage.

!

Table 2.1 List of 20 described Andean species of Schefflera with globose capitate
inflorescences, along with the countries where they are found. An additional 71 species
remain undescribed.
Species

Authority

Date

Countries

Schefflera angulate

(Pav.) Harms

1894

Ecuador and Peru

Schefflera calycina

Cuatrec.

1951

Colombia

Schefflera dolichostyla

Harms

1908

Peru

Schefflera euryphylla

Harms

1908

Peru

Schefflera fragrans

Cuatrec.

1946

Colombia

Schefflera herzogii

Harms

1916

Bolivia

Schefflera

(Decne & Planch.

2003

Colombia, Ecuador

humboldtiana

ex Seem.) Frodin

Schefflera inambarica

Harms

1908

Peru

Schefflera manus-dei

Cuatrec.

1946

Colombia

Schefflera marginata

Cuatrec.

1946

Colombia

Schefflera

Harms

1931

Bolivia

Schefflera pardoana

Harms

1908

Peru

Schefflera pentandra

(Pav.) Harms

1894

Bolivia, Ecuador,

nephelophila

Peru
Schefflera

(Marchal) Harms

1894

Ecuador

Schefflera samariana

Cuatrec.

1946

Colombia

Schefflera sodiroi

Harms

1918

Ecuador

planchoniana
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Schefflera trianae

(Planch. & Linden

1894

Colombia

ex Marchal)
Harms
Schefflera trollii

Harms

1931

Bolivia

Schefflera velutina

Cuatrec.

1946

Colombia

Schefflera

Harms

1908

Peru

weberbaueri
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taxa)

Pairwise distances (all

(%A/C/G/T)

Nucleotide composition

characters (percent)

# potentially informative

only one taxon

28.3/19.2

23.6/28.9/

103 (13.9%)

64

573

# invariant characters

# characters variable in

740

495–729

Aligned sequence length

across all taxa

Range of sequence lengths

ITS

62 (3.9%)

66

1480

1608

720–1321

rpl32

ndhF-

27.1/32.8

12.3/36.5

18.4/21.7/ 39.5/11.7/

(14.9%)

85

57

429

571

357–558

ETS

12.6/36.1

35.9/15.4/

45 (4.1%)

50

991

1086

576–944

rpl32-trnL

13.6/28.3

45.2/12.9/

77 (6.1%)

60

1132

1269

882–1066

trnK-rps16

10.1/34.9

40.0/15.0/

38 (6.8%)

19

510

567

394–454

psbA-trnH

n/a

410 (7.0%)

316

5115

5841

1925–5009

Totals

Table 2.2 Comparison of the lengths and levels of variation in the six intergenic spacer regions used in the current study. Nucleotide
compositions were estimated using jModelTest vers. 2.1.3 (Darriba et al., 2012) and the GTR+I+G model. Uncorrected pairwise distances
(p-distances) were measured using PAUP* version 4.0a (Swofford, 2002), for the range and average for each data set, once with all taxa
included and again with the ingroup taxa only.
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8.3
1.4

maximum (%)

average (%)

0
8.3
1.4

minimum (%)

maximum (%)

average (%)

(ingroup)

Pairwise distances

0

minimum (%)

2.2

9.3

0

2.2

9.3

0

0.3

1.6

0

0.3

1.9

0

0.4

2.7

0

0.4

2.7

0

0.5

6.4

0

0.5

6.4

0

0.7

3.1

0

0.8

4.3

0

n/a

n/a

n/a

n/a

n/a

n/a

45

308
302
295

Cephalopanax

Sciodaphyllum

Sciodaphyllum minus Patulae &

237
214
194

Clade F

Clades A

Subclade 1

Clade K

290

312

Neotropical Schefflera

Attenuatae

Nodes

Clades

0.19

8.39

96.99

97.18

7.13

73.66

0.02

83.29

Umbels

0.45

0.55

0.49

0.80

2.43

2.05

99.92

Cephalopanaxheads
9.74

6.70

89.07

1.97

1.18

3.76

3.89

0.05

3.40

Non-globose heads

92.66

1.99

0.56

0.84

86.68

20.40

0.02

3.57

Globose heads

Table 2.3 Summary of results for nodes of interest from the BayesTraits analysis (Meade & Pagel, 2016) for each character state, and their
corresponding probabilities. The positions of these nodes in the phylogenetic tree are represented in Fig. 4. For full results of the analysis
see supplemental material (Table S2, Fig. S9).

2.7 Supplemental Figures and Tables

Figure 2.S1A Maximum Parsimony tree (MP) of the nuclear data of ETS and ITS sequences.
Support values are provided above the branches as parsimony bootstrap (BS). BS percentages <
50% are represented by <.
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Figure 2.S1B Maximum Parsimony tree (MP) of the nuclear data of ETS and ITS sequences.
Support values are provided above the branches as parsimony bootstrap (BS). BS percentages <
50% are represented by <.
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Figure 2.S2A Maximum Parsimony tree (MP) of the plastid data of rpl32-trnL, ndhF-rpl32,
trnK-rps16, and trnH-psbA sequences. Support values are provided above the branches as
parsimony bootstrap (BS). BS percentages < 50% are represented by <.
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Figure 2.S2B Maximum Parsimony tree (MP) of the plastid data of rpl32-trnL, ndhF-rpl32,
trnK-rps16, and trnH-psbA sequences. Support values are provided above the branches as
parsimony bootstrap (BS). BS percentages < 50% are represented by <.
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Figure 2.S3A Maximum Parsimony tree (MP) of the combined (nuclear + plastid) data. Support
values are provided above the branches as parsimony bootstrap (BS). BS percentages < 50% are
represented by <.
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Figure 2.S3B Maximum Parsimony tree (MP) of the combined (nuclear + plastid) data. Support
values are provided above the branches as parsimony bootstrap (BS). BS percentages < 50% are
represented by <.
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Figure 2.S4A Maximum Likelihood tree (MP) of the combined (nuclear + plastid) data.
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Figure 2.S4B Maximum Likelihood tree (MP) of the combined (nuclear + plastid) data.
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Figure 2.S5A Transcription of the raw output from BayesTraits (Meade & Pagel, 2016) of the
trait evolution tree of the terminal inflorescence units in Neotropical Schefflera. Branches are
colored in relation to the most probable (> 70% probability) terminal unit of the ancestor at the
previous node. Dashed branches signify that the most probable terminal unit had a probability of
< 70%.
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Figure 2.S5B Transcription of the raw output from BayesTraits (Meade & Pagel, 2016) of the
trait evolution tree of the terminal inflorescence units in Neotropical Schefflera. Branches are
colored in relation to the most probable (> 70% probability) terminal unit of the ancestor at the
previous node. Dashed branches signify that the most probable terminal unit had a probability of
< 70%.
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Table 2.S1 Output file showing the node reconstruction for the trait evolution analysis of
inflorescence terminal units, using the BayesTraits (Meade & Pagel, 2016). Character-state
codes: A = umbels, B = Cephalopanax-heads, C = non-globose heads, and D = globose heads.
BayesTraits Results
[TAXON]
1
Sch_paniculitoment_aff_250
2
Uribe_2184 D
3
Sch_chimantensis_3198
4
Sch_quinquestylorum_9094
5
Sch_ternata_1328
A
6
Sch_gleasonii_28909 A
7
Sch_sandiana_11260_a
8
Sch_herzogii_9695 D
9
Sch_harmsii_15949 A
10
Sch_panamensis_12738
11
Sch_instita_17775
A
12
Sch_rodriguesiana_5513
13
Sch_occidentalis_7922
14
Sch_violacea_cf_13877_b
15
Sch_lilacina_7771
A
16
Sch_austroviolacea_15838
17
Sch_glabrata_3170 A
18
Sch_angulata_8089 D
19
Sch_sp_Ecuad_16955 D
20
Sch_sp_Ecuad_16914 D
21
Sch_systyla_4363
A
22
Sch_coclensis_20891 C
23
Sch_archeri_20773 A
24
Sch_sp_CR_6565
25
Sch_sp_CR_6704
26
Sch_patula_14984
A
27
Sch_neillii_16907
A
28
Sch_minutiflora_12901
29
Sch_ferruginea_380 C
30
Sch_herthae_4210
C
31
Sch_sp_Ecuador_10713_KA
32
Sch_rufa_3181
33
Sch_brenesii_6998 A
34
Sch_lasiogyne_28
C
35
Sch_pentandra_13973 D
36
Sch_allocotantha_53918
37
Sch_pongo_16600
38
Sch_dielsii_2070
C
39
Sch_sp_Ecuad_8309 40
Sch_dielsii_aff_7275 C
41
Sch_sprucei_8581
C
42
Sch_inambarica_cf_2444

A
A
C
A
C
A
A
A
A

A
-

A
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43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

van_der_Werff_21871
D
CRV_10
D
CRV_37
D
Neill_15993 D
Neill_15090 D
Maguire_44355
D
Larsen_212 D
CRV_35
D
CRV_39
D
CRV_50
D
CRV_52
D
Josse_287
D
Palacios_3724 D
Sch_alphitoniifolia_D_13849_b
Sch_Sp_D_Peru_21800
C
Sch_gayleriana_16243
C
de_Escobar_2309
D
Sch_robusta_4437
C
Delprete_6308 D
Sch_systyla_5460
A
Sch_patula_15080
A
Sch_stilpnophylla_13020
A
Sch_seibertii_6645 A
Sch_magnifolia_7119 C
Sch_sphaerocoma_cf_2152 A
Sch_dielsii_15066
C
Sch_sp_Ecuador_15971
A
Callejas_2132 D
Sch_diplodactyla_14000
A
Sch_sciodaphyllum_3219
A
Sch_sphaerocoma_2052
A
Sch_tipuanica_4046 C
Gentry_23550 D
Sch_duidae_3244
C
Fuentes_7143 D
Fuentes_9709 D
Sch_herzogii_5015 D
Salinas_2704 D
Cayola_1447 D
Araujo_Murakami_3225
D
Araujo_Murakami_3826
D
Fuentes_8802 D
Fuentes_9695 D
Lewis_881699 D
Solomon_12725
D
Sch_trollii_10458
D
Nee_53951 D
Teran_1028 D
CRV_109
D

C
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92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

CRV_128
D
Rojas_2961 D
van_der_Werff_19794
CRV_110
D
Maguire_44442
D
CRV_147
D
CRV_148
D
CRV_149
D
CRV_150
D
CRV_64
D
Nunez_8366 D
CRV_171
D
CRV_42
D
CRV_53
D
CRV_56
D
CRV_91
D
CRV_62
D
Palacios_7343 D
van_der_Werff_10705
CRV_154
D
Rimbach_394 D
Zuniga_5
D
Josse_138
D
CRV_152
D
CRV_153
D
CRV_155
D
Jaramillo_11899
D
Jaramillo_12033
D
Palacios_4998 D
Josse_91
D
Josse_180
D
CRV_36
D
Lewis_2850 D
Neill_8431
D
Josse_176
D
Josse_303
D
Solomon_13997
D
Garcia_2001 D
Fuentes_11185
D
CRV_135
D
van_der_Werff_20176
CRV_2
D
CRV_14
D
CRV_27
D
CRV_43
D
CRV_66
D
Harling_3802 D
Maldonado_2342
D
CRV_47
D

D

D

D
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141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

CRV_60
D
Sch_acuminata_21679
D
CRV_158
D
Sch_lasiogyne_cf_7467
C
Sch_morototoni_13999
A
Sch_rodolfoana_B_8582
B
Sch_brenesii_4755 A
Sch_epiphytica_1882 A
Sch_robusta_aff_4971
C
Sch_angulata_8589 D
Sch_ferruginea_21615
Sch_confusa_3405 A
Sch_tremula_1080 A
Chengiopanax_sciadophylloides_787Sch_angustissima_725
A
Sch_umbellata_3189 A
Sch_sp_A_aff_jahnii_12609_a
B

[TREE]
Tree=(((((((((((((25,(23,62)1.00)1.00,(24,21)0.30)0.75,(10,59)0.23)0.22,(((2,70)1.00,61)0.63,(60,
(22,149)0.34)1.00)0.63)0.88,44)0.22,((((((48,45)0.99,(46,18)1.00)0.21,20)0.24,47)1.00,56)0.35,
57)1.00)0.23,(((((((((((((((((135,(137,131)0.19)0.29,142)0.10,130)0.05,(128,35)0.05)0.04,(134,1
29)0.09)0.03,((133,138)0.98,139)0.09)0.30,132)0.52,140)0.81,76)0.89,(141,136)1.00)0.97,(30,4)
1.00)0.77,5)0.36,((((31,(69,68)1.00)1.00,((((34,(39,144)0.43)0.99,143)0.88,29)1.00,((40,42)1.00,
(33,41)1.00)1.00)0.85)0.32,147)0.90,((148,38)1.00,1)0.79)0.22)0.95,74)1.00,(((((113,((126,127)
0.85,((123,125)0.30,124)0.36)0.90)0.16,(114,112)0.11)0.13,((119,120)0.36,118)1.00)0.26,(((117
,111)0.73,116)0.70,115)1.00)0.87,(((((7,28)1.00,67)0.34,65)1.00,(73,66)0.90)1.00,(((16,15)1.00,
13)1.00,14)1.00)0.94)0.17)0.13,((((((((((92,(((96,93)0.54,94)0.34,95)0.90)1.00,((100,(98,99)0.21
)0.21,97)1.00)1.00,107)0.57,150)0.42,91)0.39,109)0.27,110)0.26,(108,(101,102)0.97)0.82)0.15,(
(122,121)1.00,103)0.74)0.37,((((((55,(53,54)0.30)0.33,52)0.99,49)0.18,(51,50)0.17)0.19,(58,19)
0.72)0.71,((104,106)1.00,((151,37)1.00,105)0.91)0.68)0.75)0.35)0.35,(((36,(78,77)1.00)0.96,((((
((83,86)0.35,88)1.00,(79,81)0.84)0.27,((90,89)1.00,80)0.26)1.00,((87,8)0.18,(82,85)0.12)0.14)0.
30,(84,75)0.97)0.74)1.00,(71,72)1.00)0.23)0.31)0.64,43)0.57,32)1.00,(((64,63)0.83,27)0.95,26)1
.00)0.88,(17,(12,11)1.00)1.00)1.00,((((145,155)1.00,152)1.00,((156,9)1.00,3)1.00)1.00,((146,15
7)1.00,(6,153)1.00)0.53)0.72)1.00,154)1.00;
[RESULT]
Result of BayesTraits (Log marginal likelihood = -88.26289):
node 158 (anc. of terminals 23-62): A 99.90 C 0.04 D 0.03 B 0.03
node 159 (anc. of terminals 25-62): A 93.89 C 2.41 D 1.94 B 1.77
node 160 (anc. of terminals 24-21): A 93.92 C 2.37 D 1.96 B 1.74
node 161 (anc. of terminals 25-21): A 97.42 C 1.05 D 0.78 B 0.75
node 162 (anc. of terminals 10-59): D 58.30 C 37.70 B 2.58 A 1.43
node 163 (anc. of terminals 25-59): D 37.90 C 34.89 A 24.99 B 2.22
node 164 (anc. of terminals 2-70): D 99.89 C 0.05 B 0.04 A 0.01
node 165 (anc. of terminals 2-61): D 98.73 C 0.67 B 0.42 A 0.18
node 166 (anc. of terminals 22-149): C 99.68 D 0.16 B 0.10 A 0.06
node 167 (anc. of terminals 60-149): C 99.86 D 0.07 B 0.04 A 0.03
node 168 (anc. of terminals 2-149): D 65.54 C 33.14 B 0.90 A 0.42
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node 169 (anc. of terminals 25-149): D 66.61 C 28.44 A 4.31 B 0.64
node 170 (anc. of terminals 25-44): D 94.54 C 4.28 A 0.69 B 0.49
node 171 (anc. of terminals 48-45): D 99.92 C 0.04 B 0.03 A 0.01
node 172 (anc. of terminals 46-18): D 99.94 C 0.03 B 0.02 A 0.01
node 173 (anc. of terminals 48-18): D 99.86 C 0.07 B 0.05 A 0.02
node 174 (anc. of terminals 48-20): D 99.94 C 0.03 B 0.02 A 0.01
node 175 (anc. of terminals 48-47): D 99.93 C 0.04 B 0.02 A 0.01
node 176 (anc. of terminals 48-56): D 72.53 C 25.69 B 1.13 A 0.65
node 177 (anc. of terminals 48-57): C 65.11 D 33.89 B 0.67 A 0.32
node 178 (anc. of terminals 25-57): D 88.74 C 10.87 B 0.20 A 0.18
node 179 (anc. of terminals 137-131): D 99.96 C 0.02 B 0.01 A 0.00
node 180 (anc. of terminals 135-131): D 99.96 C 0.02 B 0.01 A 0.00
node 181 (anc. of terminals 135-142): D 99.95 C 0.03 B 0.01 A 0.01
node 182 (anc. of terminals 135-130): D 99.98 C 0.01 B 0.01 A 0.00
node 183 (anc. of terminals 128-35): D 99.98 C 0.01 B 0.01 A 0.00
node 184 (anc. of terminals 135-35): D 99.95 C 0.03 B 0.02 A 0.01
node 185 (anc. of terminals 134-129): D 99.96 C 0.02 B 0.01 A 0.00
node 186 (anc. of terminals 135-129): D 99.96 C 0.03 B 0.01 A 0.01
node 187 (anc. of terminals 133-138): D 99.97 C 0.02 B 0.01 A 0.00
node 188 (anc. of terminals 133-139): D 99.97 C 0.02 B 0.01 A 0.00
node 189 (anc. of terminals 135-139): D 99.96 C 0.02 B 0.01 A 0.00
node 190 (anc. of terminals 135-132): D 99.96 C 0.02 B 0.01 A 0.01
node 191 (anc. of terminals 135-140): D 99.97 C 0.02 B 0.01 A 0.00
node 192 (anc. of terminals 135-76): D 85.65 C 13.17 B 0.78 A 0.40
node 193 (anc. of terminals 141-136): D 99.93 C 0.03 B 0.02 A 0.01
node 194 (anc. of terminals 135-136): D 92.66 C 6.70 B 0.45 A 0.19
node 195 (anc. of terminals 30-4): C 98.00 D 0.98 B 0.59 A 0.43
node 196 (anc. of terminals 135-4): D 50.42 C 47.82 B 1.18 A 0.59
node 197 (anc. of terminals 135-5): C 48.90 D 35.85 A 12.87 B 2.38
node 198 (anc. of terminals 69-68): C 61.43 A 34.79 D 2.24 B 1.54
node 199 (anc. of terminals 31-68): C 29.48 A 26.69 D 23.35 B 20.48
node 200 (anc. of terminals 39-144): C 92.32 D 3.37 B 2.37 A 1.94
node 201 (anc. of terminals 34-144): C 98.87 D 0.50 B 0.36 A 0.27
node 202 (anc. of terminals 34-143): C 53.29 D 45.41 B 0.90 A 0.41
node 203 (anc. of terminals 34-29): C 80.18 D 18.74 B 0.70 A 0.38
node 204 (anc. of terminals 40-42): C 80.30 D 8.55 B 6.08 A 5.06
node 205 (anc. of terminals 33-41): C 60.31 A 29.95 D 5.79 B 3.94
node 206 (anc. of terminals 40-41): C 82.61 A 8.62 D 5.37 B 3.40
node 207 (anc. of terminals 34-41): C 93.80 D 4.46 A 1.04 B 0.70
node 208 (anc. of terminals 31-41): C 90.49 D 5.44 A 2.39 B 1.67
node 209 (anc. of terminals 31-147): C 72.32 A 21.68 D 4.41 B 1.59
node 210 (anc. of terminals 148-38): C 86.64 A 10.40 D 1.80 B 1.16
node 211 (anc. of terminals 148-1): C 47.90 A 47.27 D 2.85 B 1.98
node 212 (anc. of terminals 31-1): C 65.41 A 33.28 D 0.93 B 0.39
node 213 (anc. of terminals 135-1): C 77.46 A 19.04 D 3.20 B 0.31
node 214 (anc. of terminals 135-74): C 89.07 A 8.39 D 1.99 B 0.55
node 215 (anc. of terminals 126-127): D 99.94 C 0.03 B 0.02 A 0.01
node 216 (anc. of terminals 123-125): D 99.93 C 0.04 B 0.02 A 0.01
node 217 (anc. of terminals 123-124): D 99.92 C 0.04 B 0.03 A 0.01
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node 218 (anc. of terminals 126-124): D 99.93 C 0.04 B 0.02 A 0.01
node 219 (anc. of terminals 113-124): D 99.89 C 0.06 B 0.03 A 0.01
node 220 (anc. of terminals 114-112): D 99.91 C 0.05 B 0.03 A 0.01
node 221 (anc. of terminals 113-112): D 99.94 C 0.04 B 0.02 A 0.01
node 222 (anc. of terminals 119-120): D 99.97 C 0.02 B 0.01 A 0.00
node 223 (anc. of terminals 119-118): D 99.94 C 0.03 B 0.02 A 0.01
node 224 (anc. of terminals 113-118): D 99.94 C 0.03 B 0.02 A 0.01
node 225 (anc. of terminals 117-111): D 99.96 C 0.02 B 0.01 A 0.00
node 226 (anc. of terminals 117-116): D 99.96 C 0.02 B 0.01 A 0.01
node 227 (anc. of terminals 117-115): D 99.94 C 0.03 B 0.02 A 0.01
node 228 (anc. of terminals 113-115): D 99.85 C 0.08 B 0.05 A 0.02
node 229 (anc. of terminals 7-28): A 99.95 C 0.02 B 0.02 D 0.02
node 230 (anc. of terminals 7-67): A 97.74 C 0.98 D 0.66 B 0.61
node 231 (anc. of terminals 7-65): A 99.62 C 0.16 D 0.11 B 0.10
node 232 (anc. of terminals 73-66): C 49.04 A 42.82 D 4.80 B 3.34
node 233 (anc. of terminals 7-66): A 89.60 C 8.86 D 0.88 B 0.65
node 234 (anc. of terminals 16-15): A 99.72 C 0.12 B 0.08 D 0.08
node 235 (anc. of terminals 16-13): A 96.10 C 1.63 D 1.17 B 1.10
node 236 (anc. of terminals 16-14): A 98.27 C 0.74 D 0.50 B 0.49
node 237 (anc. of terminals 7-14): A 96.99 C 1.97 D 0.56 B 0.49
node 238 (anc. of terminals 113-14): D 74.26 A 21.44 C 3.22 B 1.08
node 239 (anc. of terminals 135-14): D 58.97 C 24.08 A 15.91 B 1.04
node 240 (anc. of terminals 96-93): D 99.81 C 0.10 B 0.06 A 0.02
node 241 (anc. of terminals 96-94): D 99.89 C 0.06 B 0.03 A 0.02
node 242 (anc. of terminals 96-95): D 99.91 C 0.05 B 0.03 A 0.01
node 243 (anc. of terminals 92-95): D 99.92 C 0.04 B 0.03 A 0.01
node 244 (anc. of terminals 98-99): D 99.98 C 0.01 B 0.01 A 0.00
node 245 (anc. of terminals 100-99): D 99.98 C 0.01 B 0.01 A 0.00
node 246 (anc. of terminals 100-97): D 99.98 C 0.01 B 0.01 A 0.00
node 247 (anc. of terminals 92-97): D 99.67 C 0.17 B 0.11 A 0.05
node 248 (anc. of terminals 92-107): D 99.78 C 0.12 B 0.08 A 0.03
node 249 (anc. of terminals 92-150): D 99.75 C 0.13 B 0.09 A 0.03
node 250 (anc. of terminals 92-91): D 99.78 C 0.12 B 0.08 A 0.02
node 251 (anc. of terminals 92-109): D 99.86 C 0.07 B 0.04 A 0.02
node 252 (anc. of terminals 92-110): D 99.88 C 0.07 B 0.04 A 0.02
node 253 (anc. of terminals 101-102): D 99.96 C 0.02 B 0.01 A 0.01
node 254 (anc. of terminals 108-102): D 99.94 C 0.03 B 0.02 A 0.01
node 255 (anc. of terminals 92-102): D 99.88 C 0.06 B 0.04 A 0.02
node 256 (anc. of terminals 122-121): D 99.91 C 0.05 B 0.03 A 0.01
node 257 (anc. of terminals 122-103): D 99.92 C 0.04 B 0.03 A 0.01
node 258 (anc. of terminals 92-103): D 99.95 C 0.03 B 0.01 A 0.01
node 259 (anc. of terminals 53-54): D 99.91 C 0.05 B 0.03 A 0.01
node 260 (anc. of terminals 55-54): D 99.94 C 0.03 B 0.02 A 0.01
node 261 (anc. of terminals 55-52): D 99.95 C 0.03 B 0.02 A 0.01
node 262 (anc. of terminals 55-49): D 99.92 C 0.04 B 0.03 A 0.01
node 263 (anc. of terminals 51-50): D 99.97 C 0.01 B 0.01 A 0.00
node 264 (anc. of terminals 55-50): D 99.98 C 0.01 B 0.01 A 0.00
node 265 (anc. of terminals 58-19): D 63.38 C 35.70 B 0.63 A 0.30
node 266 (anc. of terminals 55-19): D 98.39 C 1.56 B 0.03 A 0.01
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node 267 (anc. of terminals 104-106): D 99.96 C 0.02 B 0.02 A 0.01
node 268 (anc. of terminals 151-37): B 25.00 A 25.00 D 25.00 C 25.00
node 269 (anc. of terminals 151-105): D 93.76 C 2.88 B 2.11 A 1.25
node 270 (anc. of terminals 104-105): D 98.45 C 0.82 B 0.51 A 0.23
node 271 (anc. of terminals 55-105): D 99.69 C 0.19 B 0.10 A 0.03
node 272 (anc. of terminals 92-105): D 99.94 C 0.03 B 0.02 A 0.01
node 273 (anc. of terminals 135-105): D 87.23 C 6.41 A 5.98 B 0.37
node 274 (anc. of terminals 78-77): D 99.93 C 0.04 B 0.02 A 0.01
node 275 (anc. of terminals 36-77): D 47.07 A 45.60 C 4.69 B 2.64
node 276 (anc. of terminals 83-86): D 99.97 C 0.01 B 0.01 A 0.00
node 277 (anc. of terminals 83-88): D 99.98 C 0.01 B 0.01 A 0.00
node 278 (anc. of terminals 79-81): D 99.86 C 0.08 B 0.05 A 0.02
node 279 (anc. of terminals 83-81): D 99.76 C 0.13 B 0.08 A 0.03
node 280 (anc. of terminals 90-89): D 99.96 C 0.02 B 0.01 A 0.01
node 281 (anc. of terminals 90-80): D 99.52 C 0.27 B 0.15 A 0.06
node 282 (anc. of terminals 83-80): D 99.93 C 0.04 B 0.02 A 0.01
node 283 (anc. of terminals 87-8): D 99.96 C 0.02 B 0.02 A 0.00
node 284 (anc. of terminals 82-85): D 99.98 C 0.01 B 0.01 A 0.00
node 285 (anc. of terminals 87-85): D 99.96 C 0.02 B 0.01 A 0.01
node 286 (anc. of terminals 83-85): D 99.96 C 0.02 B 0.01 A 0.00
node 287 (anc. of terminals 84-75): D 99.25 C 0.40 B 0.25 A 0.10
node 288 (anc. of terminals 83-75): D 99.93 C 0.04 B 0.02 A 0.01
node 289 (anc. of terminals 36-75): D 98.05 A 1.41 C 0.35 B 0.19
node 290 (anc. of terminals 71-72): A 97.18 C 1.18 D 0.84 B 0.80
node 291 (anc. of terminals 36-72): D 61.18 A 33.64 C 3.25 B 1.92
node 292 (anc. of terminals 135-72): D 86.74 A 11.15 C 1.70 B 0.41
node 293 (anc. of terminals 25-72): D 95.90 C 2.91 A 1.05 B 0.14
node 294 (anc. of terminals 25-43): D 89.45 A 8.50 C 1.36 B 0.69
node 295 (anc. of terminals 25-32): D 86.68 A 7.13 C 3.76 B 2.43
node 296 (anc. of terminals 64-63): A 99.91 C 0.04 D 0.03 B 0.02
node 297 (anc. of terminals 64-27): A 99.58 C 0.18 D 0.13 B 0.12
node 298 (anc. of terminals 64-26): A 99.72 C 0.12 D 0.08 B 0.08
node 299 (anc. of terminals 25-26): D 50.68 A 37.81 C 7.38 B 4.13
node 300 (anc. of terminals 12-11): A 99.74 C 0.11 D 0.07 B 0.07
node 301 (anc. of terminals 17-11): A 85.51 C 5.94 D 4.42 B 4.13
node 302 (anc. of terminals 25-11): A 73.66 D 20.40 C 3.89 B 2.05
node 303 (anc. of terminals 145-155): A 90.65 C 3.87 D 2.83 B 2.66
node 304 (anc. of terminals 145-152): A 85.13 C 6.08 D 4.52 B 4.27
node 305 (anc. of terminals 156-9): A 96.94 C 1.27 D 0.91 B 0.87
node 306 (anc. of terminals 156-3): A 93.54 C 2.70 D 1.92 B 1.84
node 307 (anc. of terminals 145-3): A 93.02 C 2.93 D 2.08 B 1.97
node 308 (anc. of terminals 146-157): B 99.92 C 0.05 A 0.02 D 0.02
node 309 (anc. of terminals 6-153): A 74.02 C 10.34 D 8.12 B 7.51
node 310 (anc. of terminals 146-153): B 59.94 A 23.06 C 10.76 D 6.24
node 311 (anc. of terminals 145-153): A 70.21 B 21.55 C 5.38 D 2.86
node 312 (anc. of terminals 25-153): A 83.29 B 9.74 D 3.57 C 3.40
node 313 (anc. of terminals 25-154): A 83.29 B 9.74 D 3.57 C 3.40
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Chapter 3. Three new species of Sciodaphyllum P. Browne (Araliaceae) with globose
capitate inflorescences from Ecuador and Peru.
3.1 Abstract
Some species of Sciodaphyllum (Araliaceae) have paniculate inflorescences with globose
capitula as their terminal units, in which numerous tightly packed flowers develop into fruits that
are appressed to each other. This informal group, named the "globose capitate group" currently
includes 20 described species. Three new species with a similar morphology are here described
and illustrated with photographs from field sites or scans of herbarium specimens: S.
basiorevolutum from the Contrafuerte del Mirador along the border of the Ecuadorian provinces
of Carchi and Succumbios; S. chachapoyense from the department of Amazonas, Peru, known
only from the province of Chachapoyas; and S. rufilanceolatum from the province of Carchi,
Ecuador, north of Maldonado along the border with Colombia and in the Cerro Golondrinas.
Sciodaphyllum basiorevolutum is characterized by revolute margins at the base of its leaflets and
is covered in reddish-brown pubescent indument comprising dendritic trichomes, S.
chachapoyense is characterized by its conduplicate, oblong to obovate-oblong leaves, and by
being completely glabrous, and S. rufilanceolatum is characterized by narrowly lanceolate to
oblong leaves and its ferruginous villose indument. For each new species, distribution maps and
preliminary risk of extinction assessments (following the IUCN red list criteria) are provided, in
which S. basiorevolutum is assessed as Vu (vulnerable), whereas both S. chachapoyense and S.
rufilanceolatum are En (endangered). Through the efforts of this study, the number of known
species with globose capitate inflorescences has increased from 20 to 91, of which 71 species
remain to be described in later publications.
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3.2 Introduction
Neotropical Araliaceae have long been considered to be represented by four genera,
Aralia (2 species), Dendropanax (64 species), Oreopanax (148 species), and Schefflera (250-300
species; Fiaschi & Plunkett, 2011; Frodin & Govaerts, 2003) to which Hydrocotyle (80 species)
was also added (Plunkett et al., 2004). As currently circumscribed, Schefflera is not only the
largest genus of Araliaceae in the Neotropics, but also globally, with 605 accepted species
overall, and perhaps several hundred more awaiting formal description (Frodin & Govaerts,
2003; Frodin et al., 2010, Plunkett et al., 2018). With the advent and application of molecular
data and phylogenetic analyses, however, Schefflera was shown to be polyphyletic (Plunkett et
al., 2005), comprising five well supported and geographically structured clades that are scattered
across Araliaceae. The “Neotropical Schefflera” clade is the second largest of them, with 250300 Schefflera species found in three centers of diversity, Central America, the Guyana Shield,
and the Andean Cordillera (Fiaschi & Plunkett, 2011; Frodin, 1995; Frodin & Govaerts, 2003;
Plunkett et al., 2005).
Fiaschi and Plunkett’s (2011) study of the Neotropical Schefflera clade confirmed its
monophyly and examined the phylogenetic relationships within it. To do so, they tested an
informal, morphology-based classification of the group proposed by Frodin (see Table 1 of
Plunkett et al., 2005), who recognized five subgeneric groups: Cephalopanax, Cotylanthes,
Crepinella, Didymopanax, and Sciodaphyllum. They retrieved five well supported clades within
Neotropical Schefflera, labeling them the "Brazilian", "Calyptrate", “Guyanan”, “Jahnii”, and
“Tremula” clades (Fiaschi & Plunkett, 2011). These groups closely matched Frodin’s subgroups,
but there were some exceptions. Apart from the large Calyptrate clade, the remaining four clades
were geographically structured and morphologically distinct. The Calyptrate clade, which
included all New World species sampled from Frodin’s pantropical Sciodaphyllum subgeneric
group, is geographically widespread but most of its species occur in southern Central America
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(Costa Rica and Panama) and the Andes, from Venezuela to Bolivia, with outliers in Jamaica and
the Guyana Shield. This clade is morphologically diverse and thus difficult to characterize, but
all of its species have united petals that form a calyptrate corolla abscising as a unit at anthesis.
This character, however, is not reliably diagnostic because the caducous petals are not always
present on herbarium specimens (Fiaschi & Plunkett, 2011). It would thus be useful to identify
additional morphological synapomorphies for the clade. Moreover, due to the large size and
morphological complexity of this clade, it would be useful to identify smaller subgroupings for
further, more intensive study.
Among the species long assigned to Neotropical Schefflera, most have paniculate or
compound-umbellate inflorescences in which the flowers are ultimately arranged in umbellules,
but many species have capitula, racemules, or spicules as the ultimate unit (Frodin & Govaerts,
2003). Of those species with flowers arranged in heads, the shape, size, and arrangement of these
heads varies and may be divided into three types, which we here describe as globose capitate,
non-globose capitate, and Cephalopanax-like. The last type is shared by the species of Frodin’s
Cephalopanax subgeneric group (see Table 1 of Plunkett et al. 2005), which is equivalent to
Fiaschi and Plunkett’s (2011) “Jahnii” clade. Cephalopanax species have paniculate
inflorescences bearing club-shaped heads containing tightly packed flowers and fruits. In
contrast, both globose and non-globose heads are found on paniculate inflorescences that are
spherical to ovoid in shape. There is a continuum between the extremes of these two head
morphologies (see Chapter 2), with some species possessing heads that are intermediate, but for
most capitate species of Schefflera, determining which type of head it possesses is generally
straightforward. Globose heads are usually large (at least 2 to 5 cm in diameter when in fruit) and
contain numerous, tightly packed flowers that mature into fruits that are obpyramidal in shape
and tightly appressed to one another, whereas non-globose heads are smaller (generally no more
than 2 cm in diameter in fruit) and contain significantly fewer flowers that develop into fruits
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that are terete in cross section and are not closely appressed to one another at maturity. This
variation in inflorescence appearance and fruit shape seems to be due to the tight packing of
flowers in the globose-capitate species, which restricts the growth of the basal portion of each
fruit but allows expansion of its apex. The Calyptrate clade contains species characterized both
by globose heads and by non-globose heads (as well as umbels, racemes, and spikes). However,
these terminal inflorescence units do not characterize morphologic groups as shown in Chapter 2.
In fact, the evolution of this structure is a complex story of transformation, reversals, and
convergent evolution.
To improve our knowledge of species belonging to the Calyptrate clade (and, by
extension, to Frodin’s Sciodaphyllum subgeneric group), collections from 13 major herbaria
where studied (CPUN, CUZ, ECUAMZ, F, HOXA, LOJA, MO, NY, P, QCA, QCNE, US,
USM). In each of these herbaria, identification of the material of Neotropical Schefflera was
rather poor; the vast majority of specimens were either incorrectly identified to species or
assigned only to genus. In an attempt to identify these specimens more authoritatively, they were
carefully compared to the available type specimens (including photos) and protologues of
described species. This process revealed what clearly appear to be distinct taxa that do not
correspond to any currently published names. In some herbaria, the amount of undescribed
materiel equaled or surpassed that of the described species. This can be explained in part by the
absence of any comprehensive treatment of the Andean species of Schefflera since that of Harms
(1894-97), whose work on the family dates to well over a century ago. The accumulation of
unnamed and undescribed material since that time helps to explain the difficulty botanists have
encountered when trying to make accurate identifications, even when working with specimens
that belong to described species.
Specimens of Neotropical Schefflera are often fragmentary and poorly prepared, lacking
key diagnostic characters needed for correct identification. For example, the inflorescences are
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sometimes so large that it is impossible to include them in their entirety on a single herbarium
sheet. Therefore, many specimens contain only a small fragment of the inflorescence, sometimes
only a single axis from a highly branched structure, and thus lack critical information about the
overall size and organization of the complete inflorescence. The situation is further complicated
by changes in inflorescence structure that occur during development. For example, in earlier
stages, the buds may be densely arranged in what appear to be capitula, but as they mature,
pedicels may form and elongate, resulting in an umbellate arrangement. It is, therefore, important
to obtain material from as many developmental stages as possible for each species in order to
make a well informed decision regarding inflorescence types. Leaf structure and development
provide a similar case. In many species, the petiole base is frequently not collected, despite the
fact that the shape and size of their ligulate stipules are often essential for accurate identification.
In addition, leaves often undergo significant changes as they mature. For example, the young
leaves of some species are thin and covered in dense ferruginous indument, but as they mature,
they thicken and lose most of their trichomes. In such cases, having a developmental series is
needed to make connections among these different stages of leaf development.
This paper presents initial results obtained from ongoing taxonomic and phylogenetic
studies focusing on the globose-capitate species from the Neotropics historically placed in
Schefflera, with an objective to determine which species belong to this group and to test its
monophyly. Only two species with this inflorescence type were included in Fiaschi and
Plunkett's (2011) study, S. angulata and S. herzogii, both placed in a polytomy in the Calyptrate
clade. However, preliminary results suggest that the globose-capitate morphology characterizes
20 currently named and accepted species, in addition to perhaps an equal number of new species
that remain to be described. Members of the group range from small treelets to larger trees (up to
15 to 20 m tall) and they typically occur at high elevations (2,000 to 3,500 m) in primary or
partially disturbed cloud or dwarf forests and occasionally as pioneer species in disturbed forests.
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Some species, however, occur at lower elevations, such as S. pentandra (Pav.) Harms, which
grows from 800 to 2,000 m. They are found in the northern and central Andes, extending from
southern Colombia to Bolivia, and with the greatest diversity of new species centered in Ecuador
and Peru.
Given the polyphyly of Schefflera, and the placement of the type in a clade of exclusively
Pacific species, none of the Neotropical species currently assigned to Schefflera can be
maintained in that genus. Based on the results of two phylogenetic studies (Fiaschi & Plunkett,
2011; Plunkett et al., in press), a decision was made to treat the five clades of Neotropical
Schefflera as five distinct genera. Taxa belonging to the Calyptrate clade, by far the largest of the
five, are being transferred to a reinstated Sciodaphyllum in a study currently under review
(Lowry et al., subm.).
As part of the effort to expand our understanding of the globose-capitate group, three new
species initially identified in herbarium collections (two of which were subsequently collected in
the field) are described here, making this one in a series of papers describing new species in this
newly reinstated Sciodaphyllum. These three new species with globose capitate inflorescences
are described here based on herbarium material and, where available, field observations.
Sciodaphyllum basiorevolutum occurs in the mountains known as Contrafuerte del Mirador at the
border between the Provinces of Carchi and Succumbios in northern Ecuador, S. chachapoyense
is known from Chachapoyas Province, Amazonas Department, Peru, and S. rufilanceolatum has
been recorded from Carchi Province in northern Ecuador, in Cantón Tulcán near the border with
Colombia, and Cantón Espejo on the mountain known as Cerro Golondrinas. For each new
species, distribution maps and preliminary risk of extinction assessments, following the IUCN
Red List criteria (IUCN, 2012, 2017), are provided. To determine geographic coordinates of
older collections for which longitude and latitude data were not available, these were estimated
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post-facto using locality information from the specimen labels along with maps and Google
Earth. A single specimen mounted on multiple sheets will be indicated using square brackets.

Sciodaphyllum basiorevolutum C. Rodrigues-Vaz, G. M. Plunkett, & Lowry, sp. nov. Type:
Ecuador. Carchi Province. Cantón Huaca. On the road from Mariscal Sucre (Colonia Huaqueña)
to the "Estación Biologica-Guandera", just beyond the entrance to the station, remnant forest,
0°35'12.4"N, 77°42'35.99"W, 3,348 m, 19 October 2016 (immature infl, b, fl, fr), Rodrigues-Vaz
& Rosillo 152 (holotype, ECUAMZ [3 sheets]!; isotypes, MO!, NY!, QCNE!). Figure 1.

Unbranched or branched treelet or tree, 4–18 m tall. Leaves palmately compound,
spirally arranged, 18.3–30.0 cm long, with lenticels on petiole base, ligulate stipule, and stem;
stipule triangular, covered with grayish-white pubescent indument of dendritic trichomes, 4.6–
6.2 × 4.2–5.2 cm, margin entire, often scarious green to purple and drying dark-reddish brown to
black, up to 7.9 mm wide; petiole covered in reddish-brown pubescent indument of branched and
shaggy trichomes, 19.9–39.5 cm long, 4.6–8.4 mm diam.; leaflets 9–13, covered in reddishbrown pubescent indument of branched, shaggy trichomes when young, adaxial surface
glabrescent in mature leaflets, indument persistent on abaxial surface, blade dark green adaxially,
pale green abaxially, drying olive green to dark brown above, lighter below, coriaceous,
conduplicate, lanceolate to elliptic or oblong, 14.6–26.2 × 4.1–10.0 cm, base obtuse to rounded
or truncate, margin entire, strongly revolute toward the base (the fold up to 5 mm wide), apex
acuminate to attenuate; venation pinnate, primary vein prominent, slightly raised adaxially,
strongly raised abaxially, secondary veins 17–26 on each side, visible to obscure adaxially,
raised abaxially, tertiary veins obscure adaxially, visible abaxially, inter-secondary veins present,
proximal 2–5 secondary veins originating together from the base of the midvein, collecting vein
present, 1.8–5.6 mm from margin; petiolule 1.8–6.7 cm. Inflorescence terminal (resulting from
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delayed development of an initially terminal inflorescence), erect to ascending, paniculate, with
three orders of branching, bracts caducous, triangular, 3.8–9.6 × 4.1–7.5 mm, scar thin crescentshaped; primary axis 2.6–3.5 cm long; secondary axes 2–4, 19.4–42.4 cm long; ultimate units
heads, spherical to ellipsoid, covered in reddish-brown pubescent indument comprising dendritic
trichomes, 1.0–2.8 cm diam. in bud, expanding to 2.2–3.6 cm diam. in fruit, sessile to
pedunculate, peduncle, when present, to 1.3 cm long, 0.5–1.1 cm diam. Flowers hermaphroditic,
65–122 per head, closely appressed to one another; calyx a barely visible low undulate
rim/crown with obscure lobes, at most 0.1 mm high, 2.9–4.8 mm wide, calyx rim and disc pale
green turning pinkish-red at maturity; corolla calyptrate, narrowly to broadly cylindrical with a
rounded to flat top, covered in reddish-brown pubescent indument; petals 6, 3.2–5.8 × 2.5–5.9
mm; stamens 5 or 6, in a single series, filaments 2.0–3.1 mm long at pollen presentation, anthers
brownish becoming creamy yellow at pollen presentation, 1.0–1.5 mm long; ovary 5 or 6(–7)carpellate, brownish sometimes tinged pink, drying black; styles 5 to 6(–7), appressed before
receptivity, spreading at maturity, pale green, drying black, 1.6–3.4 mm long, united to half their
length. Fruits, pale green turning pale yellow, fleshy, obpyramidal, transversely pentagonal or
hexagonal (rarely heptagonal), closely appressed to one another, 7.2–12.8 × 4.2–6.2 mm, base
truncate to conical, with 5 or 6(–7) ribs when dry (as many as carpels).
Distribution and habitat. – Known from the border between the Provinces of Carchi and
Succumbios, Ecuador, in the area around the Contrafuerte del Mirador, at elevations of 2,600–
3,500 m, in primary to disturbed forests (Fig. 2).
Etymology. – The name epithet basiorevolutum refers to the main diagnostic character of
this species, its strongly revolute margins at the base of the leaflets.
Conservation Status. – Sciodaphyllum basiorevolutum has been collected at nine
localities corresponding to three subpopulations. Its geographic range has an EOO of 140 km2
and an AOO of 36 km2 (Fig. 3). The species is present in one protected area, the Estación
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Biologica Guandera, but outside this area it is threatened by forest clearing for agriculture that
involves patches ranging in size from a few km2 to 100 km2, resulting in projected continuing
decline of EOO, AOO, quality of habitat, number of locations and subpopulations, and number
of mature individuals. With regard to the primary threat of deforestation, S. basiorevolutum is
present at nine locations and is therefore assessed as Vulnerable [VU
B1ab(i,ii,iii,iv,v)+2ab(i,ii,iii,iv,v)] using the IUCN Red List Categories and Criteria (IUCN,
2012).
Additional Material Examined. – ECUADOR. Carchi Province: Carretera Julio AndradeEl Carmen km 18, [00°39'10"N, 77°36'50"W], 3,200 m, 16 May 1982 (fr), Balslev 2535 (NY [2
sheets]); Parroquia Huaca, Bosque Protector “Guanderas”, quebrada el Mirador, [00°35'N,
77°42'W], 3,150 m, 18–19 March 1995 (fr), Cerón 28433 (MO [2 sheets]); 17.5 km east of Santa
Bárbara along road from Tulcán to Alegria via Caramelo and Santa Bárbara, [00°35'10"N,
77°30'46"W], 2,600 m, 5 February 1982 (fr), Dodson 12129 (MO, US); 12.7 km E of La
Estrellita on road to El Carmelo, [00°41'52"N, 77°39'22"W], 16 November 1988 (fr), Dorr 6155
(NY [2 sheets]); Al este de la Colonia Huaqueña, en el sector Bretaña o Loma Corazón,
[00°38'N, 77°41'W], 3,000–3,200 m, 18 February 1989 (fr), Palacios 3909 (MO [2 sheets]); Al
este de la Colonia Huaqueña, en el sector Bretaña o Loma Corazón, [00°36'N, 77°42'W], 3,200–
3,450 m, 20 February 1989 (b, fl), Palacios 3932 (QCNE [2 sheets], MO [3 sheets]); Montufar
Cantón, Lomo El Corazón (Bretaña), al sureste de Huaca, al este de la Colonia Huaqueña, Río
Minas, [00°36'N, 77°42'W], 3,200 m, 4 April 1991 (b), Palacios 6968 (MO); On the road from
Mariscal Sucre (Colonia Huaqueña) to the "Estación Biologica-Guandera", near entrance to the
station, 00°35'12.39"N, 77°42'35.99"W, 3,348 m, 19 October 2016 (immature fr), Rodrigues-Vaz
153 (ECUAMZ, NY); Road from Julio Andrade to El Carmelo, turn-off towards El Ajún, a few
km after El Ajún, at edge of a recently cut forest, probably used for grazing pastures, not far
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from river, 0°40'28.29"N, 77°37'43.91"W, 3,239 m, 19 October 2016 (b, fr), Rodrigues-Vaz 154
(ECUAMZ, NY); Road from Julio Andrade to El Carmelo, turn-off towards El Ajún, along road
a few km after El Ajún, 00°40'28.29"N, 77°37'43.91" W, 3,239 m, 19 October 2016 (immature
fr, fr), Rodrigues-Vaz 155 (ECUAMZ, NY); Montufar Cantón, Lomo El Corazón (Bretaña), al
sureste de Huaca, al este de la Colonia Huaqueña, Río Minas, [00°35'N, 77°42'W], 3,200–3,500
m, 26 March 1989 (fl), Tipaz 8 (QCA, MO [2 sheets]); Montufar Cantón, Lomo El Corazón
(Bretaña), al sureste de Huaca, al este de la Colonia Huaqueña, Río Minas, [00°35'N, 77°42'W],
3,200–3,500 m, 2 July 1989 (fr), Tipaz 96 (MO [2 sheets]); Province of Succumbios: Parroquia
El Playón de San Francisco, base del cerro Mirador, sector la Pradea, quebrada Cuscungo,
[00°37'36"N, 77°37'27"W], 3,000–3,100 m, 5 August 1996 (fr), Cerón 31976 (MO); Carretera
Playón de San Francisco – La Bonita, [00°37'36"N, 77°37'27"W], 2,800–3,000 m, 27 December
1986 (b, fr), Josse 104 (NY).
As its name suggests, Sciodaphyllum basiorevolutum possesses leaflets with distinctive
revolute margins found only at the bases. This diagnostic character makes it easily identifiable
both in the field and the herbarium. However, an additional specimen collected in the same
region (Rodrigues-Vaz 171) that also has leaflet margins revolute only at their bases represents a
similar but distinct species that is completely glabrous throughout, whereas S. basiorevolutum
has reddish-brown or grayish-white indument. Moreover, field observations (photos available on
Tropicos) clearly show a different morphology of the stipular ligules. That species, not yet
described, also differs by possessing non-scarious stipular ligules that are strongly revolute,
whereas S. basiorevolutum has scarious stipular ligules that are flat to slightly revolute at their
center.
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Sciodaphyllum chachapoyense C. Rodrigues-Vaz, G. M. Plunkett, & Lowry, sp. nov. Type:
Peru. Department Amazonas. Province Chachapoyas. Along road from Leymebamba to Balsas,
km 410–409, dwarf forest, 06°43'16.26"S, 77°50'42.22"W, 2,975 m, 10 October 2016 (fl, fr),
Rodrigues-Vaz & Cueva 148 (holotype, USM!; isotypes, MO!, NY [3 sheets: 03109069,
03109070, 03109071]!). Figure 4.

Unbranched to branched treelet, 1–7 m tall. Leaves palmately compound, spirally
arranged, 32.7–52.5 cm long, with lenticels on petiole base, ligulate stipule, and stem; stipule
triangular, with silvery-white floccose to lanate indument comprising branched trichomes, 2.6–
4.5 × 2.3–4.2 cm, the margin entire; petiole 15.0–22.5 cm long, 4.1–6.3 mm diam.; leaflets 8–10,
reddish, densely covered with ferruginous indument when young, glabrescent, dark green above,
pale green below, drying olive green to brown, coriaceous, oblong to obovate-oblong,
conduplicate, 9.0–21.7 × 3.3–7.5 cm, base rounded to cordate, margins entire, sometimes
microrevolute, apex acuminate; venation pinnate, primary vein prominent, slightly raised
adaxially, raised abaxially, secondary veins 21–52 on each side, secondary veins obscure
adaxially, visible abaxially, tertiary veins obscure adaxially, visible abaxially, inter-secondary
veins present, collecting vein present, 0.4–2.1 mm from margin; petiolule 1.0–4.5 cm.
Inflorescence terminal (resulting from delayed development of an initially terminal
inflorescence), erect to ascending, paniculate, with three orders of branching, bracts caducous,
triangular, 4.7–9.8 × 2.8–6.2 mm, scar thin crescent-shaped; primary axis 3.6–11.1 cm long;
secondary axes 2 or 3, 21.5–31.0 cm long; ultimate units heads, spherical to ovoid or ellipsoid,
1.1–1.6 cm diam. in bud, expanding to 1.5–3.5 cm diam. in fruit, sessile to pedunculate,
peduncle, when present, up to 9.3 mm long, 3.3–5.1 mm diam. Flowers hermaphroditic, 62–94
per head, closely appressed to one another; calyx a low undulate rim/crown, up to 0.4 mm high,
2.8–4.4 mm wide; corolla calyptrate, pale green (sometimes tinged with red), turning brownish
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when dry, with silvery-white floccose to lanate indument comprising branched trichomes,
broadly cylindrical, with a rounded to flat top, drying bullate/verrucose, 3.6–4.4 × 1.7–2.6 mm;
stamens 5–8, in a single series, filaments 0.9–1.3 long when calyptra is first shed, expanding to
2.1–3.4 mm long at pollen presentation, anthers tan-yellow, 1.0–1.5 mm long; ovary 4–6carpellate, pale green; styles 4–6, free, forming short, stout nubs, appressed before receptivity,
spreading at maturity, 0.8–1.8 mm long. Fruits green, fleshy, obpyramidal, transversely square,
pentagonal or hexagonal (depending on the number of carpels), closely appressed to one another,
6.5–10.3 × 2.5–4.5 mm, base truncate to conical, with 4–6 ribs when dry (as many as the
carpels).
Distribution and habitat. – Known only from fern-dominated dwarf forests in
Chachapoyas Province in Amazonas Department, northern Peru, at elevations of ca. 2,700–3,250
m (Fig. 5).
Etymology. – The name Sciodaphyllum chachapoyense was chosen because this species
is currently known only from Chachapoyas Province in Peru.
Conservation Status. – Sciodaphyllum chachapoyense has been collected at three
localities corresponding to a single subpopulation. Its geographical range has an EOO of 12 km2
and an AOO of 12 km2 (Fig. 6). The species is threatened by landslides, road maintenance other
disturbances along the road that runs through the population. This results in projected continuing
decline of EOO, AOO, quality of habitat, number of locations, and number of mature
individuals. With regards to the primary threat of road-associated disturbance, S. chachapoyense
is present at three locations and can therefore be assessed as Endangered [EN
B1ab(i,ii,iii,iv,v)+2ab(i,ii,iii,iv,v)] using the IUCN Red List Categories and Criteria (IUCN,
2012).
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Additional Material Examined. – PERU. Department of Amazonas, Chachapoyas
Province: Along road from Leymebamba to Balsas, km 410–409, 06°43'16.26"S,
77°50'42.22"W, 2,974 m, 10 October 2016 (b, fl), Rodrigues-Vaz 147 (MO, NY, USM); Along
road from Leymebamba to Balsas, km 410–409, 06°43'16.26"S, 77°50'42.22"W, 2,976 m, 10
October 2016 (b), Rodrigues-Vaz 149 (MO, NY [2 sheets], USM); Along road from
Leymebamba to Balsas, km 409–408, 06°42'41.33"S, 77°50'45.85"W, 3,043 m, 10 October 2016
(fr), Rodrigues-Vaz 150 (MO, NY, USM); km 411–416 on Leymebamba-Balsas road,
[06°42'53"S, 77°51'16"W], 2,700–2,950 m, 21 February 1984 (fr), Smith 6109 (MO, USM);
Middle eastern Calla-Calla slopes, near km 411–416 of Leimebamba-Balsas road, [06°42'53"S,
77°51'16"W], 3,100–3,250 m, 11 July 1962 (immature fr, fr), Wurdack 1336 (F [2 sheets], NY [2
sheets], USM).
Sciodaphyllum chachapoyense closely resembles S. mathewsii in that they are both
treelets occurring in the dwarf forests of northern Peru and have paniculately arranged heads as
well as similarly shaped coriaceous and conduplicate leaflets. Their general appearance is
particularly similar when in bud, and vegetatively they differ only slightly, with
S. chachapoyense possessing larger leaves (32.7–52.5 cm) with a rounded to cordate base,
whereas those of S. mathewsii are smaller leaflets (10.4–33.0 cm) and have an acute to obtuse
base. The main differences between these species can be seen in their inflorescence: those of
S. chachapoyense possess larger globose heads of 62–94 flowers, whereas S. mathewsii
possesses smaller, non-globose heads with 10–40 flowers. Finally, they occur in similar habitats
(i.e., dwarf forests), but S. chachaopoyense is found at elevations of 2,700 to 3,250 m, whereas S.
mathewsii is found at lower elevations of 1,980 to 2,500 m.

Sciodaphyllum rufilanceolatum C. Rodrigues-Vaz, G. M. Plunkett, & Lowry, sp. nov. Type:
Ecuador. Carchi Province. Cantón Espejo, El Gualtal, cerro Golondrinas hembra, Bosque muy
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húmedo montano bajo, [00°51'N, 78°08'W], 2,800 m, 21 August 1994 (fr), Palacios 12491
(holotype, QCNE [99285]!; isotype, MO [MO04799627]!). Figure 7.

Hemi-epiphytic, liana-like, branched treelet, 4–5 m tall. Leaves palmately compound,
spirally arranged, 24.2–33.4 cm long; stipule chartaceous, ovate, clasping the stem, drying black
and covered with tannish-white villous indument comprising unbranched trichomes, 7.4–9.6 ×
3.0–5.6 cm, margin entire, sometimes scareous and drying grayish-white, up to 1 mm wide;
petiole covered in ferruginous villose indument comprising unbranched trichomes, 18.9–26.5 cm
long, 4.5–7.8 mm diam.; leaflets 8–10, covered in ferruginous villose indument comprising
unbranched trichomes when young, adaxial surface glabrescent in mature leaflets, indument
persistent on abaxial surface, blade drying olive green adaxially, brownish olive abaxially,
coriaceous, narrowly lanceolate to oblong, 12.6–28.4 × 2.3–5.6 cm, base attenuate to obtuse,
margin entire, revolute, apex caudate; venation pinnate, primary vein prominent, slightly raised
adaxially, strongly raised abaxially, secondary veins 27–42 on each side, secondary veins visible
on both surfaces, raised abaxially, tertiary veins obscure adaxially, visible abaxially, collecting
vein present, 2.6–4.7 mm from margin; petiolule 1.6–3.5 cm. Inflorescence terminal (resulting
from delayed development of an initially terminal inflorescence), paniculate, with three orders of
branching, covered with ferruginous villose indument comprising unbranched trichomes, bracts
caducous, triangular, 2.8–3.1 × 3.2–4.6 mm, scar thin crescent-shaped; primary axis 2.5 cm long;
secondary axes 3–5, 34.9–37.2 cm long, ultimate units heads, spherical to ellipsoid, covered with
tannish-white villose indument comprising unbranched trichomes, 0.7–1.2 cm diam. in bud,
expanding to 1.8–2.5 cm diam. in fruit, sessile in bud, pedunculate in flower and fruit, peduncle
3.4–6.2 mm long, 1.9–3.3 mm diam. Flowers hermaphroditic, 17–39 per head, closely appressed
to one another; calyx a barely visible low undulate crest with obscure lobes, at most 0.1 mm
high, 2.3–5.4 mm wide; corolla calyptrate, hemispherical, petals 5, 1.7–2.4 × 2.6–2.9 mm;
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stamens 5, in a single series, filaments 2.9–3.8 mm long at pollen presentation, anthers drying
ferruginous to black, 0.9–1.2 mm long; ovary 5-carpellate, drying ferruginous to tan; styles 5,
forming a column with a bulbous base, appressed before receptivity, spreading at maturity,
drying black, 2.5–3.1 mm long, united ca. two thirds of their length. Fruits fleshy, obpyramidal,
transversely square or pentagonal, closely appressed to one another, 5.8–8.6 × 4.1–5.3 mm, base
truncate to conical, with 5 ribs when dry.
Distribution and habitat. – This species is known to occur in primary montane and
dwarf forests and has been collected at four localities in Carchi Province, Ecuador, above
Maldonado, near the border with Colombia (cantón Tulcán) and in the Cerro Golondrinas near
Hualchán (canton Espejo), at elevations of ca. 2,000–2,750 m. Similar suitable habitat is also
found in adjacent Colombia, in the southern part of Nariño Department, but no specimens from
this area have been seen (Fig. 2).
Etymology. – The name of this species reflects its two diagnostic characters, lanceolate
leaflets covered in red trichomes.
Conservation Status. – Sciodaphyllum rufilanceolatum has been collected at four
localities corresponding to three subpopulations. Its geographic range has an EOO of 25.5 km2
and an AOO of 16 km2 (Fig. 8). It is threatened by forest clearing for road construction, which
results in projected continuing decline of EOO, AOO, quality of habitat, number of locations and
subpopulations, and number of mature individuals. With regard to the primary threat of forest
clearing, S. rufilanceolatum is present at four locations and can therefore be assessed as
Endangered [EN B1ab(i,ii,iii,iv,v)+2ab(i,ii,iii,iv,v)] using the IUCN Red List Categories and
Criteria (IUCN, 2012).
Additional Material Examined. – ECUADOR. Province of Carchi: Cerro Golondrinas
area, access via Chamoro property above El Carmen, which is above Hualchán, flat hilltop
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before steep ridge crest approach to peak, [00°50'N, 78°12'W], 2,690 m, 24 July 1993 (b, fr),
Boyle 2344 (MO); Cerro Golondrinas, valley bottom ca. 1.5 km NNE of summit, 00°51'52"N,
78°08'10"W, 2,750 m, 25 July 1994 (fl), Boyle 3423 (QCNE, MO); Tulcán Cantón, Arriba
Maldonado, frontera con Colombia, sitio Chilmá, [00°51'N, 78°02'W], 2,000 m, 20 May 1991
(b), Palacios 7220 (QCNE, MO).
Many species of Sciodaphylum possess red trichomes, sometimes restricted to their
young leaves and inflorescences, which are then often lost as the plant matures, or they may
persist, covering most or all plant parts at all stages of development. Of all the species known
with such ferruginous indumentum, S. rufilanceolatum most closely resembles S. ferruginea.
Both species are hemiepiphytes and share tomentose/villose indument covering all parts of the
plant, but the adaxial surface of S. rufilanceolatum the leaves are glabrescent when mature.
Moreover, S. rufilanceolatum differs in having narrowly lanceolate to oblong leaflets, whereas
those of S. ferruginea are more broadly oblong to elliptic.
3.3 Conclusion
The description of these three species is the first in a series of papers resulting from an
ongoing study focusing on members of the genus Sciodaphyllum with globose capitate
inflorescences. It is estimated that a total of 26 additional new species await formal description,
with 45 potential novelties that require more in depth study, which will bring the total to 91
species that exhibit this distinctive inflorescence type. The three new species described here are
threatened (Sciofaphyllum chachapoyense and S. rufilanceolatum are Endangered, and S.
basiorevolutum is Vulnerable) requiring conservation actions to maintain their population,
showing the urgent need to describe, assess, and conserve all the other Sciodaphyllum species
waiting description.
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3.4 Figures

Figure 3.1 Sciodaphyllum basiorevolutum A. Calyptrate corolla covered in reddish-brown
pubescent indument. –– B. Large globose heads as ultimate inflorescence units. –– C. Leaflets
margin strongly revolute at base. –– D. Ligulate stipule with a green to purple scareous margin.
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Figure 3.2 Geographic distribution map of Sciodaphyllum basiorevolutum (circles) and
S. rufilanceolatum (triangles). Protected areas indicated with green polygons.
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Figure 3.3 EOO and AOO of the IUCN assessment of Sciodaphyllum basiorevolutum.
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Figure 3.4 Sciodaphyllum chachapoyense –– A. Branched treelet occurring in a fern-dominated
dwarf forest. –– B. Conduplicate leaflets. –– C. Rodrigues-Vaz 147 [NY03108726] showing the
calyptrate corolla. –– D. Large globose heads as ultimate inflorescence units.
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Figure 3.5 Geographic distribution map of Sciodaphyllum chachapoyense (squares). Protected
areas indicated with green polygons.
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Figure 3.6 EOO and AOO of the IUCN assessment of Sciodaphyllum chachapoyense.
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Figure 3.7 Sciodaphyllum rufilanceolatum, rufous indument on entirety of plant and leaves
lanceolate –– A. Specimen in bud, Palacios 7220 [MO04853109]. –– B. Specimen in flower,
Boyle 3423 [MO05181355]. –– C. Specimen in fruit, Palacios 12491 [MO04799627].
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Figure 3.8 EOO and AOO of the IUCN assessment of Sciodaphyllum rufilanceolatum.
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Chapter 4. Using ecological niche modeling to improve threat assessments according to the
IUCN Red List categories and criteria: A case study with Plerandra elegamtissima
(Araliaceae), and endemic species from New Caledonia.
4.1 Abstract
The International Union for the Conservation of Nature (IUCN) Red List assessments
have been the standard to evaluate the risk of extinction of species worldwide. When used to
evaluate species based on museum and herbarium specimens and their locality data, criterion B
is the most frequently used, which has to do with geographic range size, and fragmentation,
decline or fluctuations. The method used implies mapping the places where the specimens have
been collected and estimating Extend of Occurrence (EOO), Area of Occupancy (AOO),
fragmentation and number of locations, continuing decline, and extreme fluctuations. This
conventional method is however not the only one available and described in the IUCN
guidelines. A method involving niche modeling, or species distribution modeling, is also
provided but rarely used. The potential of this relatively novel method is here shown by applying
it to an endemic species of New Caledonia, Plerandra elegantissima (Araliaceae). This was
accomplished by first building a suitability model based on abiotic variables (temperature and
precipitation), then environmental/ecological variables (soil type and vegetation cover) along
with the threats faced by the species (deer and urbanization) where used to cookie-cut the
suitability model to produce a potential habitat map. Finally this map was refined by using the
opinion of an expert on the distribution of this species to remove areas where the species is
thought to not be currently present, obtaining an estimated occupied habitat map. From this final
map the same criterion B was used to assess the species and compare it with the already existing
assessment done using the conventional method. Both methods agree on the status of this
species, Endangered, but with different values supporting this status. However, the niche-model
method includes information on where the plant could be found and therefore has potential in
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guiding fieldwork and informing conservation planning for this species. The potential of niche
modeling is then discussed in the scope of the New Caledonian flora as a whole in order to
improve the conservation of its most endangered species.
4.2 Introduction
The International Union for the Conservation of Nature (IUCN) Red List threat
assessments have been in use for many years as the global standard to evaluate the risk of
extinction of species (De Grammont & Cuarón, 2006; Mace et al., 2008; Rodrigues et al., 2008).
They are used as tools to guide resource managers in setting priorities for the conservation of
individual species or to help make informed decisions regarding the establishment of newly
protected areas that might include a set of threatened species. In completing these assessments,
any of five criteria (A-E) may be taken into account, involving (A) measures of population-size
reduction, (B) geographic range in the form of extent of occurrence (EOO) and/or area of
occupancy (AOO), (C) small population size and decline, (D) very small restricted population,
and (E) quantitative analysis. These criteria, once evaluated, help place the assessed species into
a category ranging from Least Concern (LC) or Near Threatened (NT), if the species is not
considered threatened, to Extinct (EX) or Extinct in the Wild (EW) if it is already extinct.
Intermediate categories of Vulnerable (VU), Endangered (EN), and Critically Endangered (CR),
express increasing threats of extinction. In assessing most species, of both plants and animals
worldwide, the raw data used are generally derived from herbarium and natural history museum
specimens that include geographic localities and latitude/longitude coordinates. As such, the
most commonly employed criterion by far is criterion B, involving geographic range, and
sometimes also criterion D (specifically D2) when the species has a highly restricted range. With
a focus on plants, I here consider criterion B, which is based primarily on an evaluation of EOO
and AOO for the range of a plant species. The extent of occurrence (EOO) is defined by IUCN
(IUCN, version 3.1, 2012) as the “area contained within the shortest continuous imaginary
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boundary which can be drawn to encompass all the known, inferred or projected sites of present
occurrence of a taxon, excluding cases of vagrancy”, and is made using a minimum convex
polygon. By contrast, the area of occupancy (AOO) is defined by IUCN as the “area within its
extent of occurrence which is occupied by a taxon, excluding cases of vagrancy”, and is
measured by adding the area of all the cells of a 2 × 2 km grid that are currently occupied by the
species. However, because it is very difficult to survey the entire area where a given species
might occur, IUCN assessments often underestimate the area in which the species is present
(especially AOO), and as a result, these broader areas can be inferred a posteriori. To address
this shortcoming, we test whether niche modeling could provide more accurate estimates of the
area of presently occupied habitat of the species of interest.
In recent years, ecological niche modeling, also termed species distribution modeling, has
become a widely used tool in ecology, evolution, and biogeography (Guisan & Thuiller, 2005).
Here, we test whether such techniques could be applied to assess the risk of extinction of plant
species based on IUCN Red List Criteria, comparing results from niche modeling to those
obtained from a conventional IUCN assessment using criterion B that involves estimating the
EOO, AOO, number of locations, and continuing decline, using the available occurrence data. To
do this, we will compare an approach using habitat maps and niche models, also assessed under
criterion B following IUCN guidelines (IUCN, 2017) as an alternative method to estimate EOO
and AOO. Modeling ecological niches requires combining a set of occurrence data (here, the
localities where the plants were collected, in the form of latitude and longitude coordinates) and
a set of environmental predictor layers (usually data in the form of GIS grids), such as various
parameters of temperature and precipitation. At each locality, the values of all the predictors are
retrieved from the layers, and these data are used to build a model that estimates the ecological
niche of the species. This niche model will then be used to map the physical area in which it is
theoretically suitable for the species to grow and persist with regards to the abiotic variables
89

studied. The map obtained, however, is not directly relatable to the IUCN Red List assessments
because it is not possible to estimate EOO and AOO directly from the map produced by the
niche model, particularly because this approach often maps an area that is larger than the actual
occupied habitat, but rather maps the potential habitat, including areas that may be unoccupied
(IUCN, 2017). From the niche model map, however, it is possible to estimate EOO and AOO
indirectly, provided the following three conditions are met (IUCN, 2017, p. 55):
i.

Maps must be justified as accurate representations of the habitat requirements of the
species and validated by a means that is independent of the data used to construct them.

ii.

The mapped area of potential habitat must be interpreted to produce an estimate of the
area of occupied habitat.

iii.

For AOO, the estimated area of occupied habitat derived from the map must be scaled to
the reference scale. For EOO, the occupied habitat areas must be used to estimate the
area of minimum convex polygon.
Practical steps can be taken to help satisfy these three conditions. Condition (i) involves

an appraisal of mapping limitations in order to produce a model that accurately represents the
potential habitat of the species. Statistical and biological/ecological considerations can be made
in order to produce a model that best estimates the area of potential habitat. To accomplish this,
certain statistical considerations can be taken into account when building, evaluating, and
selecting the model, in particular the use of methods adapted to small data sets (e.g., using the
Jackknife n–1 cross-validation method). Biological and ecological considerations can be taken
into account, including the type of soil on which the plant occurs, the vegetation cover it shares,
and the areas affected by threats such as land use by humans for agriculture and urban expansion.
To satisfy condition (ii), the of potential habitat map must be adjusted to represent the occupied
habitat map. Due to factors other than those used to build the model (i.e., the abiotic factors),
only a fraction of the potential habitat will be effectively occupied by the species because, for
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example, of the presence of particularly strong predators or competitors, or dispersal limitations.
In these cases, considerations such as the taxon’s dispersal capabilities, dispersal barriers, or
proximity to confirmed records can be used to identify suitable areas for the species that are not
currently known to be occupied. Finally, concerning condition (iii), ecological niche model maps
are generated at a resolution determined by the input data layer, but the estimation of AOO
requires a 2 × 2 km grid, and therefore the map must be rescaled to reflect this requirement. For
EOO, a minimum convex polygon must be derived from the occupied habitat map.
To test the approach of using of niche modeling for IUCN threat assessments, the well
studied plant species Plerandra elegantissima (Veitch ex Mast.) Lowry, G.M. Plunkett & Frodin
(Araliaceae) is considered. The species has been cultivated as one of the world’s most common
houseplants, especially prized for its juvenile foliage. However, in its native range of New
Caledonia, where this species is endemic, its distribution is highly fragmented, and it faces many
threats to survival in the wild. In a recent study by Tanguy (2015) using criterion B,
P. elegantissima was considered Endangered [EN B1ab(i,ii,iii,iv,v)+2ab(i,ii,iii,iv,v)] according
to the IUCN Red List Criteria (IUCN, 2012, 2017). In fact, all known native localities of this
species are subject to intense pressures, especially those in the urban areas surrounding the
capital city of Nouméa, where there is extensive habitat degradation. As a result of these
anthropogenic pressures, there is a great risk for the loss of the few remaining natural
subpopulations of this species in the capital region. Localities farther to the north are also
threatened, but due more to a decline in habitat quality resulting from overgrazing by the nonnative Rusa Deer (Rusa timorensis), introduced into New Caledonia in the 1880s and now well
acclimated to the local landscape (de Garine-Wichatitsky et al., 2004, 2005). The naturalized
populations of this deer are estimated at ca. 100,000 individuals, and they consume a wide
variety of plants (especially seedlings), causing extreme damage to tree populations and severely
impeding their regeneration. This paradoxical situation, in which a single species is both a
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widely popular house plant cultivated throughout the world, yet simultaneously endangered in its
natural habitat, makes it an interesting candidate to explore how ecological niche modeling could
be useful in helping to understand threats to native plants and how their conservation could be
improved.
By providing a greater understanding of the nature of the threats to this species, the
intensity and geographic representation of those threats, and their potential role in the
fragmentation of its distribution, this study aims to show how ecological niche modeling could
be useful in generating improved IUCN Red List assessments. To date, Plerandra elegantissima
is not protected by any specific legislation and does not occur in any protected area of New
Caledonia. A single subpopulation is found close to the Réserve naturelle du Mont Mou, but no
individuals have yet been found inside the reserve. Therefore, a second goal of this study is to
show the potential of ecological niche models to inform the establishment of meaningful and
effective protected areas and areas for reintroduction, to support public outreach policies, and to
justify measures needed to guide agricultural and urban expansion, as well as mining.
4.3 Methods
Occurrence Data
The genus Plerandra has been the subject of recent phylogenetic and taxonomic studies
(Lowry et al., 2013; Plunkett & Lowry, 2012). As a result, potential problems related to
occurrence data (e.g., incorrect identification of specimens and missing or inadequate georeferences) have already been addressed for this species. Wallace (Kass et al., 2018) is a new
platform that combines the ease of use of a GUI interface with an underlying R script that uses
Maxent along with multiple R packages to build niche models. This platform was used for the
majority of the analyses, starting with the manipulation of the occurrence data. In the initial
steps, the locality data from labels of 39 herbarium collections identified as Plerandra
elegantissima were gathered as the base of this study. When available data were insufficient to
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provide a precise locality for a given collection, it was put aside and excluded from this study.
For example, Brousmiche-528 was excluded because this collection was made in 1881 and the
location information was too vague to assign precise post-facto geographic coordinates. Label
data from some specimens (especially more recent ones) included geographic latitude/longitude
coordinates, but for the remaining collections, post-facto coordinates were assigned (using
gazetteers, maps, and Google Earth). This resulted in an occurrence dataset comprising 23
localities, the same set that Tanguy (2015) used to obtain the current IUCN risk of extinction
assessment. These were then used as a base to build the ecological niche model and to conduct
the new, niche model-based IUCN risk of extinction assessment. The occurrence points were
plotted in Wallace.
In assembling the occurrence dataset, it was important to account for geographical
sampling bias, which is known to be pervasive in data derived from herbarium and museum
specimens (Graham et al., 2004; Hijmans, 2012; Hijmans et al., 2000; Kadmon et al., 2004;
Reddy and Dávalos, 2003). This bias occurs because the collections are often concentrated in
locales that are readily accessible, such as roadsides or areas close to cities. In turn, this sampling
bias often leads to a bias in the estimate of the environmental requirements of the species, where
regions of higher sampling and their associated environmental conditions are over represented
(Anderson and Gonzales, 2011; Kadmon et al., 2004; Williams et al., 2002). Ultimately, this
results in a false fitting of the model to the environmental signal of the bias, which distorts the
niche’s true signal (Araújo and Guisan, 2006; Wintle and Bardos, 2006), resulting in inflated
model performance estimates (Veloz, 2009). To reduce the effect of sampling bias, the spatial
filtering approach using a nearest-neighbor distance (NND) of 5 km was adopted (Peterson et al.,
2011). This approach involves removing some occurrence points so that no two records are
closer than a linear distance of 5 km. This filtering method was performed in Wallace using the
‘thin’ function of the spThin R package (Aiello-Lammens et al., 2015). The function removes
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localities while maintaining as many localities as possible, in order to retain the maximum
amount of useful environmental signal. The niche models were built using the resulting thinned
occurrence data.
Environmental Data
The environmental predictors used were related to two main abiotic variables:
temperature and precipitation. The 19 climatic variables from the WorldClim database (Hijmans
et al., 2005; http://www.worldclim.org) were downloaded at a resolution of 30 arcsec in Wallace
using the raster package (Hijmans & van Etten, 2012). These data were processed to produce
models that were built on a restricted region around the occurrence points. To do so, a minimum
convex polygon with an added buffer zone of 5 km was built around the occurrence data, which
thus constitutes the study region. The model is first built in this study region and then projected
to a larger region. This was done to remove from consideration areas that are theoretically
suitable for the species but from which the species is absent. Such absences could be due to
barriers to dispersal or to biotic interactions (e.g., the absence of a key mutualist or the presence
of a strong herbivore). Environmental signals from such areas represent false negatives that can
distort the niche obtained and the corresponding abiotically suitable geographic areas. Using the
sp package (Pebesma & Bivand, 2005; Bivand et al., 2013) and the rgeos package (Bivand et al.,
2018) in Wallace, multiple minimum convex polygons were built with buffer zones ranging from
5 km (0.045 degree) to 222 km (2 degrees). Finally, 10,000 background points were sampled
from these regions to serve as the pseudo-absence points needed to build the respective models.
Partitioning Occurrence Data
The ‘Jackknife n–1’ method was used to partition occurrence data for training and testing
(Pearson et al., 2007; Shcheglovitova & Anderson, 2013), as is recommended when working
with small data sets (i.e., < ~ 25 localities). In this cross-validation method, one of the n
occurrence points is used for an initial test, while all others are used for training. A total of n
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models are run, and evaluation metric averages are summarized across these iterations. This was
done in Wallace using the ENMeval package (Muscarella et al., 2014).
Modeling, model evaluation, and model selection
The modeling was performed in Wallace using maxnet (version 0.1.2; Phillips et al.,
2017). A total of 30 models were built, corresponding to the combination between a
regularization multiplier (RM) ranging from 0.5 to 5 (with increments of 0.5) and one of the
following three feature class combinations (FC): L, LQ, and H (where L = linear, Q = quadratic,
and H = hinge). Model evaluation was run in Wallace through the ENMeval R package after
applying the ‘Jackknife n–1’ occurrence data partitioning method (described above).
Because no single evaluation metric has been identified as the most relevant for model
selection (Lobo et al., 2008; Peterson et al., 2011; Warren et Seifert, 2011), ENMeval provides
several alternatives. However, for small data sets, two methods have been recommended to
evaluate and select the best model. The first involves the use of the AICc, a modified Akaike
Information Criterion that corrects for sample size (Warren et Seifert, 2011; Symonds &
Moussalli, 2011). The second involves the sequential use of the Omission Rate (OR) followed by
a measure derived from the Area Under the Curve for testing (AUCtest). Both the OR and the
AUCtest selects for models with a minimum of overfitting (Shcheglovitova & Anderson, 2013).
Here I decided to use AICc method to compare these models.
Projection
Once the best model has been identified, it was run anew in Wallace with all thinned
points using the dismo package (Hijmans et al., 2011) and projected to the entire main island
(Grande Terre) of New Caledonia plus the nearby islands of Ouvéa, Lifou, Maré, and Île de Pins.
The minimum training presence threshold rule was chosen to convert the continuous model into
a binary one. This threshold was chosen because the specimens of Plerandra elegantissima had
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been curated to ensure correct identification of the species. This projection was then visualized
using a GIS program (QGIS, version 3.6.0 Noosa, QGIS Development Team, 2019).
Improving the model using land-use information (agriculture and urbanization) along with soil
and vegetation type
The map produced by the model generated with the method outlined above was then
improved by taking into account the ecology of Plerandra elegantissima and the threats it faces.
To do so, relevant data were first obtained from Géorep (geoportal.gouv.nec), a GIS polygon
layer that includes different types of soil, vegetation cover, and use of land for agriculture or
urbanization. Plerandra elegantissima is a forest species that occurs exclusively on nonultramafic substrate (here sedimentary substrate) and is threatened by agricultural land use and
urbanization (P. P. Lowry, pers. obs.; Tanguy, 2015). Using QGIS, all other soil and vegetation
types where the species cannot grow and where it has never been recorded were removed from
the map –– such as wetland areas (mangroves, lakes, and rivers), vegetation types on ultramafic
substrates, and non-forested areas on non-ultramafic substrates. Similarly, areas where
agriculture or urbanization occurs were also clipped. Ultimately, the area that was retained, the
potential habitat, corresponds to areas that are predicted by the model to be suitable in terms of
abiotic variables (temperature and precipitation) and that are also forested and on non-ultramafic
substrates. By adjusting the model in this manner, the resulting map satisfies condition (i) of the
IUCN Guidelines for using the IUCN Red List categories and criteria (IUCN, 2017).
Potential habitat to occupied habitat, using expert opinion
Only a subset of the potential habitat is in fact occupied by Plerandra elegantissima,
therefore the map obtained above was carefully re-assessed to obtain a map of the estimated
occupied habitat. To do so, in-depth knowledge of the distribution of P. elegantissima was
provided by P. P. Lowry (pers. obs.) to clip additional areas that were considered to be void of
the species. Herbarium collections are not the only source of information on this species’
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distribution and the lack of specimens from a given area is not proof that it does not occur there.
However, PPL’s extensive field knowledge of these forests represents another source of
information on where P. elegantissima likely does and does not occur. Here, we critically
determined whether an area is currently thought to be unoccupied by the species, even if the
model predicted that the area was suitable based on abiotic factors and contains forests on nonultramafic substrate. The final map represents the best estimate of the current occupied habitat,
which satisfies condition (ii) of the IUCN Guidelines for using the IUCN Red List categories and
criteria (IUCN, 2017).
Estimation of the EOO, AOO, and number of locations of Plerandra elegantissima
To estimate EOO and AOO, the requirements of condition (iii) of the IUCN Guidelines
for using the IUCN Red List categories and criteria (IUCN, 2017) were followed. First, the
occupied habitat was projected in an equal-area, meter-based projection (EPSG: 32758 – WGS
84 / UTM zone 58S) in order to estimate EOO and AOO. For EOO, a minimum convex polygon
was built around the occupied habitat and its area was calculated. For AOO, the occupied habitat
map has to be scaled to the reference scale of 2 × 2 km. To do so, an empty grid at a resolution of
2 × 2 km was made, the occupied habitat was then super-imposed on this grid, and finally the
number of cells containing some occupied habitat was multiplied by 4 km2 (the area of one cell
at this resolution). A location as defined by IUCN (2012) is "a geographically or ecologically
distinct area in which a single threatening event can rapidly affect all individuals of the taxon
present". If multiple threats exist in a given region, the most plausible one should be considered.
4.4 Results
Occurrence Data
The collection records of Plerandra elegantissima are presented in Table 1, which shows
the 23 records from which locality information was derived to obtain occurrence data in the form
of latitude/longitude geographic coordinates (17 of these records have unique latitude/longitude
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coordinates), along with the six points that were retained after the filtering by 5 km was done.
This filtering, as explained above, keeps only points that are at least 5 km apart from each other
to account for sampling bias. The filtered points plotted on a map of New Caledonia's South
Province are shown in Figure 1.
Model evaluation and selection
Following the AICc criterion, the linear model with a regularization multiplier of 3 (the
L_3 model) was selected as best. Evaluation metrics that resulted from building the model and
the running of the ENMEval procedure are presented in Table 2. The L_3 model contains two
parameters, temperature seasonality (BioClim variable BIO 4) and annual precipitation (BioClim
variable BIO 12). Logistic outputs of the L_3 model are presented with no threshold in Figure 2,
and with a minimum training presence threshold in Figure 3. The L_3 model represents the area
predicted as suitable in terms of abiotic variables only.
Condition (i): the potential habitat map
To take into account the ecology of Plerandra elegantissima and the threats it faces, the
intersection between the results obtained using the L_3 model and the layer of forested area on
non-ultramafic substrate was recovered. This can be visualized in Figure 4 and represents the
potential habitat of the species. Due to the nature of the layers, the soil type information and the
vegetation cover were available as a single layer, and no information on soil type was given in
the agriculture and urbanization layers. Non-ultramafic soils are largely unsuitable for
agriculture. However, it was impossible to know which parts of the urbanized area occurred on
non-ultramafic substrate or if the area had been previously forested, making it impossible to
estimate how much potential habitat has been lost due to urban development. The potential
habitat map is an improvement on the abiotic-based suitability map retrieved from Wallace
because it takes into account both the threats the species faces and its ecology as a forest species
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restricted to non-ultramafic substrate. However, not all potential habitat is in reality occupied by
the species and therefore an occupied habitat map is needed.
Condition (ii): the occupied habitat map
To obtain the occupied habitat map, we chose to use expert knowledge of the distribution
of Plerandra elegantissima by carefully studying the potential habitat map and excluding areas
we have strong evidence the species does not occupy, even if an absence is never sure. Figure 5
shows what was obtained once these areas were excluded, thus illustrating the occupied habitat
map. Five major areas were excluded (see arrows in figure 4), each for a specific reason. The
first excluded area was the region around Koumac in the north of Grande Terre. Ground
knowledge of this area indicates that it is too dry to support populations of P. elegantissima. It is
possible that this was not correctly interpreted by the original abiotic-based model, due to the
nature of the extrapolation of the climatic variables obtained in WorldClim. Specifically, the
precipitation variables must be interpreted from weather stations surrounding this area which
predicted it to be wetter than it actually is. Secondly, large areas at elevations higher than 500 m
were excluded due to the fact that the highest known collections of this species were Lowry-4715
and Lowry-4716, which were made at elevations of 480 m (see Table 1). This was done by
excluding any 2 × 2 km grid cell that only contained areas at an elevation of 500 m or higher
(cells that contained areas both below and above 500 m were, however, retained). Thirdly, areas
along the eastern side of Grande Terre were excluded because they have been botanically well
inventoried but P. elegantissima has never been recorded there. The layer of "forest on nonultramafic substrate" did not distinguish native forest from non-native forests, so the area around
the town of Bourail was the fourth to be excluded, because there is very little or no native forest
left and none of the endemic species of Araliaceae in New Caledonia occur in non-native forest
(Lowry, pers. obs.). The fifth and final area that was removed included the area south of Réserve
Botanique du Mont Mou due to the fact that the forest there is a sclerophyllous habitat type not
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associated with P. elegantissima (IRD, 2012). Once these areas were excluded, the occupied
habitat map was used to estimate the EOO and AOO of the distribution of P. elegantissima.
Condition (iii): estimating EOO and AOO
To estimate the EOO and AOO of Plerandra elegantissima, the original 23 georeferenced collections were used. Figure 6 illustrates these points along with the EOO and AOO
estimations. To obtain the EOO, a minimum convex polygon was drawn around the projected
occupied habitat map obtained, its area was estimated to be of 3,187 km2. For AOO, a 2 × 2 km
grid was built and all the cells that contained occupied habitat were added to obtain an AOO of
1,120 km2.
IUCN Red List threat assessments
Both the conventional and the niche modeling methods of risk assessment of Plerandra
elegantissima were completed using all of the occurrence data (23 points, see Table 1). The
conventional method of estimating EOO and AOO returns an EOO of 545 km2 and an AOO of
44 km2 (Tanguy, 2015), shown in Figure 7. Both values are bellow the Endangered (EN)
threshold of 5,000 km2 for EOO and 500 km2 for AOO but above the Critically Endangered (CR)
threshold of 100 km2 for EOO and 10 km2 for AOO; therefore, the species in regards to its EOO
and AOO is considered Endangered (EN). With regard to the number of locations, the most
plausible threat at the localities in the northern part of the distribution of P. elegantissima differs
from that at the localities in the south. In the north, the localities constitute three locations with
the most immediate threat being grazing by the Rusa Deer (Rusa timorensis). By contrast, in the
south, around Nouméa, there is one location whose most plausible threat is urbanization.
Altogether, there are thus four locations for P. elegantissima, which is again under the threshold
of Endangered ( ≤ 5). A continuing decline has been observed/estimated in all five of the subcriteria (i,ii,iii,iv,v). If any locality at the periphery of the distribution is lost a decline in EOO
will be observed (i). Similarly, if any of the localities are lost, a decline in AOO will be observed
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(ii). Due to the nature of the threats, agricultural use of land and urbanization, a continuing
decline can be projected in the quality of habitat (iii), the number of subpopulations (iv) and the
number of mature individuals (v). According to the conventional method of doing IUCN treat
assessments, this results in a Red List threat assessment for Plerandra elegantissima of
Endangered [EN B1ab(i,ii,iii,iv,v)+2ab(i,ii,iii,iv,v)].
The niche modeling method returns an EOO of 3,187 km2 (EN) and an AOO of 1,120
km2 (VU), shown in Figure 6. Similarly to the conventional assessment, the number of locations
is four and a continuing decline can be estimated in its extent of occurrence, area of occupancy,
quality of habitat, number of subpopulations, and number of mature individuals. However,
according to the niche modeling method the Red List threat assessment for Plerandra
elegantissima is of Endangered [EN B1ab(i,ii,iii,iv,v)]. Only the criterion B1 is retained as it has
the highest threatened status; here the estimation of EOO places the species with an Endangered
status (B1) while AOO places it with a Vulnerable status (B2).
4.5 Discusssion
As discussed above, conventional approaches to IUCN threat assessments tend to
underestimate the overall distribution of species, particularly because the natural-history
collections upon which these assessments are based are rarely made throughout the entirety of
the species’ range. In some cases, it can be determined that a species occupies a broader area
than that represented by available collections using other sources of knowledge (e.g., field
observations). This inferred area will increase the AOO estimation, and depending on where
these localities lie, it can also sometimes increase the estimate of EOO. On the other hand, a
niche model-based approach to IUCN assessments tends to overestimate species distributions,
regardless of the number of abiotic variables considered, because many of the areas predicted to
be suitable will be unoccupied due to abiotic variables not considered, insufficient dispersal
ability, strong biotic interactors (e.g., the presence of a major herbivore), or stochastic events.
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The reality of the true range of the species probably lies somewhere between those indicated by
the two methods. Here, for Plerandra elegantissima, both assessment methods converge on the
same conclusion of threat level (i.e., the species is regarded as Endangered) but with different
values supporting this status. In this case, there would be no change to the status of this species
on the IUCN Red List, but the situation would not necessarily be the same for all species. In
applying this niche model-based method, its limitations and some important considerations must
be addressed.
Issues to consider in using niche models for IUCN threat assessments
To interpret the results of niche models correctly, it is important to understand the limits
to this method. One issue relates to the way the abiotic variables, especially temperature and
precipitation, are extrapolated between weather stations. These variables are built on the
assumption that they change in a uniform manner between two stations, when in fact this is
rarely actually the case (which can be taken into account partially by the typical interpolation
procedures that use covariates such as elevation). Another issue relates to the quality of available
data, which is true both for occurrence points and environmental/ecological variables relevant to
the species. For example, the precise map placement of the specimen represented by
Brousmiche-528, whose locality information is very vague, can have a significant impact on the
model output. In fact, in this study, a preliminary model (not shown) was built that included this
point and the resulting map returned some areas of dry forest as suitable for the species.
However, this is a habitat in which Plerandra elegantissima has never been collected and in
which it probably does not occur. Similarly, building a model based only on abiotic variables
such as temperature and precipitation returns a suitability map that further overestimates the
areas where the species can grow. It is important to improve such estimates of the fundamental
niche whenever possible by incorporating ecological variables (here soil and vegetation types),
which results in a better circumscription of the area in which the species is predicted to be
102

present. The niche-model method is also sensitive to the type of data available.
Environmental/ecological variables are not always available in a given area. Moreover, in the
specific context of New Caledonia, the available data are structured in such a way that soil type
and vegetation cover are combined into a single layer, vegetation cover on soil type (e.g., "forest
on ultramafic substrate" or "forest on non-ultramafic substrate", "scattered vegetation on
ultramafic substrate" or "scattered vegetation on non-ultramafic substrate"). However, it would
be more informative if vegetation cover and soil type were available as two separate layers,
allowing, for example, an assessment of whether urbanized areas on ultramafic soil (or not)
could support forest (or maquis). Knowing which area, now urbanized, supported forest would
allow knowing what amount of the possible distribution of P. elegantissima has already been
affected by urbanization. However, even after including all variables that are deemed relevant for
modeling the niche of a species, the niche-modeling approach still overestimates a species’
actual distribution.
The absence of certainty regarding whether a species is actually present in the areas
predicted to be suitable is most problematic when interpreting and using a niche-modeling
approach for IUCN threat assessments. Regardless of the number of variables taken into account,
the fundamental problem of overestimating a species’ distribution persists. This can be the case
because of the dispersal ability of the plant, the presence of herbivores, the omission or lack of
available data for some other key variable that affects the species’ distribution, or just because of
stochastic events. In this study, to improve the potential habitat map of Plerandra elegantissima
further, the knowledge of an expert was used to obtain the best possible map estimating occupied
habitat. Once an occupied habitat map is obtained, it can be used as the basis for informing both
for the Red List assessment of P. elegantissima and for developing a plan for its conservation,
and this is where the niche-modeling approach has the most to offer.
Using niche models to inform the conservation of Plerandra elegantissima
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After implementing the method described above for Plerandra elegantissima, the
resulting occupied habitat map contains hypotheses as to the natural areas where this species may
be found. An iterative process of modeling the species’ distribution followed by field observation
could progressively improve the model. If, after conducting fieldwork, the plant is found to be
present in an area predicted as suitable, then the new localities would be added to run the model
anew, improving its output. Alternatively, failure to record a presence could lead to clipping that
area out of the map generated by the model, again improving it. However, such decisions depend
on the level of fieldwork done, the higher the intensity of prospection the more confident we can
be that a species is not present in a given area.
Once a more realistic map is achieved it can be communicated to the decision makers
involved in the protection of the New Caledonian flora as well as institutions and people that
study this flora in order to protect it. Such a tool could be an additional source of information for
conservation planning. In New Caledonia the protection of the environment is a prerogative of
the three provinces. The Southern Province is the one of interest here as the vast majority of the
occupied habitat map falls under its jurisdiction. The occupied habitat map would be
communicated to the Direction de l'Environnement (DENV), the governmental structure that
takes care of applying the policies of the Southern Province in terms of the protection of the
environment. It has a division, the Service Connaissance, Biodiversité et Territoire (SCBT) that
works to increase the knowledge of the New Caledonian environment and the management of the
protected areas of the Southern Province. Apart from these decision makers the same map could
be communicated to scientific institutions that work to protect the environment by studying it
and giving recommendations for its conservation. A combined effort from the New Caledonian
University (UNC), the Research Institute for Development (IRD) and the New Caledonian
Agronomic Institute (IAC) published a document giving recommendations for the conservation
and management of the biodiversity of the New Caledonian flora (Collectif, 2014) making them
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good targets to receive this information. Another relevant actor would be the local IUCN Red
List Authority who could use this niche-model approach for their threat assessments.
As mentioned above, that same information, the occupied habitat map, could be used to
guide future fieldwork, increasing the probability of encountering and subsequently collecting
Plerandra elegantissima in new localities, and thereby increasing our knowledge of its actual
distribution. If new subpopulations were to be found, they may lead to a reduction in the threat
status of P. elegantissima (e.g., a change from Endangered to Vulnerable) by increasing the EOO
and/or AOO, as well as possibly increasing number of locations only if their values go over the
threshold associated to the lower threatened status.
For a conservationist seeking to protect Plerandra elegantissima, some approaches could
be envisioned based on the results of the niche modeling, or more specifically, on the occupied
habitat map. Where P. elegantissima has been confirmed present, its conservation could involve
in situ efforts, such as the establishment of new protected areas, or in expanding already existing
protected areas to include known subpopulations not yet covered, or in reintroducing the species
to areas where it once occurred but has since disappeared. Ex situ approaches to conservation
could also be followed, including the introduction of the species to new areas predicted as
suitable by the model, but where the species had never yet been recorded. Furthermore, the
identification of areas thought to be best suited for each of these conservation approaches could
also be guided and informed by the occupied habitat map.
Plerandra elegantissima is an endangered species endemic to New Caledonia and part of
its historically known distribution now includes areas that are highly urbanized (i.e., the city of
Nouméa and surrounding suburbs). One collection (MacKee-4872), made from a private garden,
includes mature fruits, suggesting that it is capable of reproducing under cultivation.
Conservation of P. elegantissima could involve individual people through a public outreach
policy as well as a collective program, both initiatives being likely more effective using the
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information of potential presence of the species given by the occupied habitat map. A public
outreach policy to help protect P. elegantissima could involve informing the population of the
risk of extinction of this species such that people with private lands could, if they fall in the areas
predicted to have the species present, protect the individuals they eventually find on their land.
The collective program would involve an institution running it in order to identify which current
natural subpopulations are genetically variable, to sample from these subpopulations, and to
maintain variability through sexual reproduction in order to provide citizens with seeds,
seedlings, or young plants to plant and grow in their garden. Encouraging citizens to grow these
plants is a way to increase the number places where individuals of the species would be present
and reproduce. The occupied habitat map would indicate the best places to plant the species.
Garden grown plants will likely not function as natural subpopulation of the species, but if the
species goes Extinct in the Wild (EW), these could serve as resources for reintroduction. This
would decrease the chance of the species to go Extinct (EX) even though the garden plants
would not serve as substitute for the natural subpopulations.
Another public outreach policy could involve limiting the impact of introduced deer
populations on the species to decrease their deleterious effect on the capacity of P. elegantissima
(and other endangered tree species) to maintain existing subpopulation and possibly to generate
new ones. In this situation it seems like the niche-modeling approach does not provide more than
a regular map of the species distribution to help with this deer threat. Finally, urban development
would impact a significant portion of the remaining subpopulations of this threatened species.
Here, having more information on other endangered species occurring in the same areas as P.
elegantissima would make a better case when it comes to regulating urban development in a
given area. Political decisions in this matter involve a solution that is a consensus between
different parties, here the people who work for conservation and those who want urban
expansion. For example, if a mall is about to be constructed in an area the model could tell if the
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species could be present. This would lead to an impact assessment of the area to see if it is
present or not. If it is present the different parties could agree on slightly moving the mall to
another location, or doing compensation measures to move the species to another area close by
and also predicted as suitable by the niche modeling.
Using a niche model-based approach for improving the conservation of the endangered flora of
New Caledonia
In this study, Plerandra elegantissima served as an example to explore how niche
modeling could be used to improve conservation efforts for this species in particular, but this
method also has potential when applied to the conservation of many species occurring in the
same area. It would involve doing the process that was done for P. elegantissima for each of
these species but also combine the niche models of a set of species to guide targeted fieldwork.
New Caledonia is a biodiversity hotspot of global importance, with 3,371 plant species and an
endemism rate of 74.7%, which represent exceptionally high levels of species diversity and
endemism (Myers 1988; Myers et al., 2000; Mittermeier et al., 2005). There is a long history of
studies that have focused on its flora (Aubréville, 1967; Guillaumin, 1948; Hallé, 1977; Hopkins
et al., 2015; Jaffré et al., 1994, 2001; Morat, 2012), and this, along with recent advances in
assessing threats to species extinction, makes the archipelago an ideal location to broaden the
niche-modeling approach to conservation proposed here. According to the IUCN Red List
(IUCN, 2019), published assessments are available for 656 New Caledonian plant species,
including 62 that are Critically Endangered (CR), 130 Endangered (EN), 158 Vulnerable (VU),
60 Near Threatened (NT), and 216 Least Concern (LC). However, in fact, assessments are
available for many more plant species due largely to the efforts of the Red List Authority (RLA)
for the New Caledonian flora, which has assessed a total 1,160 plant species (over 500 not yet
published), of which 117 are Critically Endangered (CR), 215 Endangered (EN), and 170
Vulnerable (VU) (Endemia & RLA Flore NC, 2019). One course of action could be to identify
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and propose a set of threatened species to the New Caledonian RLA as candidates for niche
modeling. In addition to threat level, other criteria for selecting the species to be considered
could involve cultural or economic importance, lack of clear knowledge of their natural
distributions, or their endemic status. Modeling the niche of each species and re-assessing their
conservation status, as done here for Plerandra elegantissima, can be done. It would allow for
improved assessments for these species and offer information on their potential presence in a
given area to inform conservation measures. Furthermore, superimposing the maps recovered by
the modeling processes obtained for each species could prove valuable for conservation planning
at a higher level. Once models are built for several species of interest, the occupied habitat maps
of each could be superimposed. Doing so would potentially identify areas of overlap where
multiple threatened species may be located. Field-based inventory work in such areas could
significantly increase the knowledge of their distributions by discovering new subpopulations.
These new subpopulations could be located in areas that are not yet protected and be a
justification to create new or better areas to protect.
Before using these niche models in such a way, a point can be made relating to the way
the categorical variables are taken into account in this method as it can have a more impactful
consequence when the method is applied to a suit of species. For Plerandra elegantissima, we
addressed the categorical, biotic variables (the combined soil and vegetation layer) by clipping
areas (a posteriori) that lack the adequate soil and vegetation types from the suitability map
generated by the model, which was based solely on the continuous, abiotic variables. The other
option was to use the soil and vegetation type variables directly, as layers included in the
analysis. The indirect approach was used because of the inherent imprecision of the geographic
coordinates associated with the herbarium collection records, especially post-facto coordinates,
which can have levels of imprecision of many meters or even kilometers. Imprecision in
geographic coordinates is less problematic when it comes to continuous variables such as
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temperature or precipitation. The temperature or precipitation at a given locality does not vary
significantly a couple meters from it. In contrast, as categorical variables are binary, a point that
can have several meters of imprecision can incorrectly be ascribed to the wrong category of soil
type and vegetation cover and therefore give a false signal to the modeling process. For example,
the species could be wrongly considered a non-forest species while it actually occurs in forests,
or it could be wrongly considered a species that occurs on ultramafic soil while it does not. The
fact that an occurrence might fall along the boundary between two values of a categorical
variable might be rare when modeling one species alone. However, when done for multiple
species in a row this type of error could happen frequently, which would result in some species
having models that are incorrect. By contrast, when the initial suitability map is clipped by these
categorical variables, a representation of the species distribution is obtained that is closer to
reality.
4.6 Conclusion
Considerations when undertaking the niche modeling approach or the conventional
approach have to be taken into account, including verified locality information for each
collection, sampling bias, a dependence on the availability and quality of the data, the method of
implementing variables in the modeling process, and the proper metrics to evaluate the best
model. The niche modeling approach has its own caveats, a tendency to overestimate species
distributions and the prediction of a suitable area that is not necessarily occupied by the species.
However, by following the IUCN guidelines (IUCN, 2017) in order to improve the suitability
map (based on abiotic variables) into a potential habitat map (using soil and vegetation type
variables) further improved to obtain the occupied habitat map (using expert knowledge of the
species distribution) makes the model prediction closer to reality. Once the occupied habitat map
is obtained it contains information about where the species may potentially be present, even if no
collections are yet available to confirm its presence. This provides for the potential to guide
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fieldwork to more efficiently improve the knowledge of the species’ distribution. Armed with a
better understanding of where the species occurs, this approach also provides a better framework
for improving conservation planning. In the case of Plerandra elegantissima areas for
conservation could be identified by the occupied habitat map obtained. Conservation could
involve in situ approaches as new protected areas, expansion of already existing areas to include
presently unprotected subpopulations, reintroduction to areas the species has disappeared from,
or ex situ approaches such as the introduction to areas predicted suitable by the model but where
the species has not yet been collected. Outreach policies involving the public is another possible
approach, where the public could participate in reintroducing the species in the urban areas it has
disappeared from. Finally, regulation of urban expansion and deer populations could be
supported to protect the subpopulations still present. In the case of the New Caledonian flora a
list of candidate threatened species for niche modeling could be made, reassessing the threatened
status of each of those species like it has been done here for P. elegantissima can be a first step.
Then superimposing the niche model maps of each species could identify areas to prospect where
it is predicted that many of these threatened species might occur. Similar approaches to
conservation as the ones recommended for P. elegantissima could then be undertaken to better
protect the threatened species of New Caledonia.
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Figure 4.1 Plerandra elegantissima occurrence points in New Caledonia after filtering by 5 km using the spThin R package (AeilloLammens et al., 2015).

4.7 Figures and Tables
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Figure 4.2 Logistic output of the L_3 model, continuous, with no threshold, of Plerandra elegantissima in New Caledonia.
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Figure 4.3 Logistic output of the L_3 model, binary with the minimum training presence threshold, of Plerandra elegantissima in New
Caledonia.
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Figure 4.4 Potential habitat map of Plerandra elegantissima in New Caledonia. Arrows and numbers indicate the five areas removed from
this potential map in order to obtain the occupied map.
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Figure 4.5 Occupied habitat map of Plerandra elegantissima in New Caledonia.
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Figure 4.6 EOO (3,187 km2) and AOO (1,120 km2) of the IUCN assessment of Plerandra elegantissima using niche models.
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Figure 4.7 EOO (545 km2) and AOO (44 km2) of the IUCN assessment of Plerandra elegantissima using the conventional method.
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2219A
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Balansa

Baudoin
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9898

49

528

Brinon

Brousmiche

5392A

Bernardi

Bodenheim

Baumann-

Bodenheim

Baumann-

5392

2219

Balansa

Bodenheim

CollNumber

Collector

21°33'S 165°28'E

21°38'27"S 165°50'41"E

22°11'S 166°28'E

-

22°04'S 166°20'E

22°04'30"S 166°19'30"E

-

-

22°13'30"S 166°29'30"E

GPS (° ' ")

-

-

100

-

-

-

-

-

-

100289886

100287927

100287923

100288264

100289343

100289341

100287918

100287917

100287908

Elevation (m) Tropicos

-

-

yes

-

-

-

-

-

yes

Modeling

-

yes

yes

-

yes

yes

-

-

yes

IUCN

Table 4.1 Occurrence data available for Plerandra elegantissima. Points used for modeling and IUCN threat assessment are indicated. For
the Tropicos address add number to the following link http://www.tropicos.org/Specimen/.
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2350

s.n.

8484

10091

62A
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3619

3801

3802

4715

4716

4734

4735

7029

7032

4872

Franc
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Guillaumin
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-

-

-

-

-

-

50

340

410

290

290

480

480

380

380

310

-

-

300

-

-

300

100287964

3462779

3462755

1150017

1150015

1149987

1149986

344566

344538

344142

100287940

100287935

100384020

100384017

100282093

100287929

-

-

-

-
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-

-

-

-
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-

-

-

-

-

-
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-

-

-

-

-

-

120

15054

35273

35274

37263

38035

40

203A

246

2683

s.n.

108

781

781

7122

MacKee

MacKee

MacKee

MacKee

MacKee

Moore

Pancher

Pancher

Pancher

Pancher

Sarlin

Schmid

Veillon
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22°09'30"S 166°25'00"E

22°04'30"S 166°19'30"E

22°04'30"S 166°19'30"E

-

-

-

-

-

-

22°09'23"S 166°27'17"E
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22°04'39"S 166°19'38"E

22°04'39"S 166°19'38"E

22°12'00"S 166°28'05"E

150

290

290

-

-

-

-

-

-

1

1

350

350

100

100288014

100289083

100289082

100288013

100306732

100288012

100288011

100288010

100288009

100288008

100288007

100287976

100287975

100287970

yes

-

-

-

-

-

-

-

-

-

-

-

yes

-

yes

yes

yes

-

-

-

-

-

-

yes

yes

yes

yes

yes

Table 4.2 Evaluation metrics resulting from building the model and executing the ENMEval
package (Muscarella et al., 2014) in Wallace (Kass et al., 2017). Here are presented the
evaluation metrics of the first five best models according to the AICc, a modified Akaike
Information Criterion that corrects for sample size. The three feature classes: L, LQ, and H
(where L = linear, Q = quadratic, and H = hinge) and regularization multiple are indicated here
for each model, along with Area Under the Curve for training (AUCtrain), for testing (AUCtest),
and AUCtrain – AUCtest (ΔAUC), the Omission Rate with the Minimum Training Presence
threshold (OR MTP), and AICc.
Feature

Regularization

AUCtrain

AUCtest

classes

multiplier

L

3

0.9009

LQ

3.5

L

OR MTP

AICc

0.8815

0.1667

118.82

0.9044

0.8843

0.1667

118.91

3.5

0.9005

0.8831

0.1667

119.99

LQ

4

0.9048

0.8827

0.1667

120.10

L

4

0.8997

0.8798

0.1667

121.33
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